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(57)Abstract: 

PROBLEM TO BE SOLVED: To easily carry out 
multiple recording of holograms. 
SOLUTION: The hologram recording medium 1 is 
provided with a hologram recording medium layer for 
recording the holograms and a wedge substrate for 
changing the progression direction of incident 
reference light 4 and object light 5. The angle multiplex 
recording of the holograms is carried out by rotating 
the hologram recording medium 1 having the hologram 
recording layer and the wedge substrate, thereby 
changing the progression direction of the reference 
light 4 and the object light 5. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A hologram recording medium with which an information signal is recorded as 

topology of light by [ characterized by comprising the following ] the ability to irradiate with a 

reference beam and object light, rotating. 

It is the 1st parallel principal surface to a rotational plane. 

It is inclination to this 1st principal surface. 

[Claim 2]The hologram recording medium according to claim 1 which is provided with the 
following and characterized by coming to constitute the above-mentioned recording layer 
with an organic photosensitive material. 

It is the 1st parallel principal surface of the above to the above-mentioned rotational plane. 
A substrate which has the 2nd principal surface of the above that has inclination to this 1st 
principal surface, and has the translucency with which at least one side is irradiated from 
the 2nd principal surface of the above among the above-mentioned reference beam and 
object light, and which can make at least a part of irradiated above-mentioned reference 
beam and object light penetrate. 

A recording layer which is allocated in parallel to the above-mentioned rotational plane, and 
records and/or reproduces an information signal as topology of light. 

[Claim 3]The hologram recording medium according to claim 1 characterized by coming to 
be formed with a photorefractive crystal which doped metal. 
[Claim 4]The hologram recording medium according to claim 3, wherein the above- 
mentioned metal is an alloy of Fe, Ce, Pr, or Fe and Mn. 

[Claim 5]The hologram recording medium according to claim 3, wherein the above- 
mentioned photorefractive crystal is LiNbO. or LiTaO . 

3 3 

[Claim 6]The hologram recording medium according to claim 1 allocating in the principal 
surface side of the above 1st of an opposite hand a reflecting layer which reflects the 
above-mentioned reference beam and object light which were irradiated to the 2nd principal 
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surface of the above where the above-mentioned reference beam and object light are 
irradiated. 

[Claim 7]The hologram recording medium according to claim 6, wherein the above- 
mentioned reflecting layer is the cube-corner-reflector group which arranged a cube corner 
reflector to array form. 

[Claim 8]Hologram recording playback equipment which performs record and/or 
reproduction for an information signal as topology of light by irradiating with a reference 
beam and object light to a hologram recording medium characterized by comprising the 
following. 

A drive system for rotating the above-mentioned hologram recording medium. 
It has a light source which outputs the above-mentioned reference beam and object light, 
As opposed to a rotational plane. As opposed to the 1st parallel principal surface and 1st 
principal surface of the above. An optical system which irradiates with the above-mentioned 
reference beam and object light to a hologram recording medium which has the 2nd 
principal surface that has inclination and has the translucency which can make at least a 
part of above-mentioned reference beam which at least one side was irradiated from the 
2nd principal surface of the above among the above-mentioned reference beam and object 
light, and was irradiated, and object light penetrate. 

A control section which performs control of the above-mentioned drive system and the 
above-mentioned optical system. 

[Claim 9]The above-mentioned reference beam which the above-mentioned optical system 
was provided with a reflection part which reflects the irradiated above-mentioned reference 
beam, and penetrated the above-mentioned hologram recording medium once, The 
hologram recording playback equipment according to claim 8 reflecting in the above- 
mentioned hologram recording medium as a phase conjugation light using the above- 
mentioned reflection part, and reproducing considering an information signal as topology of 
light. 

[Claim 10]The hologram recording playback equipment according to claim 9, wherein the 
above-mentioned reflection part is the cube-corner-reflector group which arranged a cube 
corner reflector or a cube corner reflector to array form. 

[Claim 11]ln a hologram recording regeneration method which performs record and/or 
reproduction for an information signal as topology of light by irradiating with a reference 
beam and object light to a hologram recording medium, As opposed to a rotational plane. 
As opposed to the 1st parallel principal surface and 1st principal surface. Have the 2nd 
principal surface that has inclination and at least one side rotates a hologram recording 
medium which has the translucency which can make at least a part of above-mentioned 
reference beam glared and irradiated from the 2nd principal surface of the above, and 
object light penetrate among the above-mentioned reference beam and object light, A 
hologram recording regeneration method performing record and/or reproduction for an 
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information signal as topology of light to the above-mentioned hologram recording medium 
using the above-mentioned reference beam and object light. 

[Claim 12]The hologram recording regeneration method according to claim 11 reflecting the 
above-mentioned reference beam which penetrated the above-mentioned hologram 
recording medium once using a mirror, making the same optical path go back, irradiating 
the above-mentioned hologram recording medium as a phase conjugation light, and 
reproducing considering an information signal as topology of light. 
[Claim 13]The above-mentioned reference beam which penetrated the above-mentioned 
hologram recording medium once is reflected using a cube-corner-reflector group which 
arranged a cube corner reflector or a cube corner reflector to array form, The hologram 
recording regeneration method according to claim 1 1 making the same optical path go 
back, irradiating the above-mentioned hologram recording medium as a phase conjugation 
light, and reproducing considering an information signal as topology of light. 
[Claim 14]The hologram recording regeneration method according to claim 13 allocating the 
above-mentioned cube corner reflector or the above-mentioned cube-corner-reflector group 
in a beam waist of the above-mentioned reference beam which penetrated the above- 
mentioned hologram recording medium once. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the InventionJIt is related with the hologram recording medium which records an 
information signal as topology of light, and the hologram recording playback equipment and 
the hologram recording regeneration method which carry out record reproduction of the 
information signal as topology of light. 
[0002] 

[Description of the Prior Art]The conventional hologram recording medium is carrying out 
film shape, disk form, etc. 

By the ability to irradiate with the reference beam and object light which are coherent laser 
beams mutually, the information signal used as a recording object is recorded as topology 
of the interference pattern of a reference beam and object light, i.e., a reference beam, and 
object light. 

Here, object light is given the information signal as topology of light. 

They are the laser beam reflected from the object, and the laser beam modulated with the 

spatial modulation machine. 

A hologram recording medium reproduces a hologram by the ability to irradiate with the 
regenerated light which is a reference beam or a reference beam, and a phase conjugation 
light. 

[0003]There are many reports about the hologram recording playback equipment using the 
hologram recording medium of disk form. For example, in United States patent 
USP5671073, the method (below, it is called shift multiplex recording.) of carrying out 
multiplex recording of the hologram by rotation of the hologram recording medium of disk 
form is proposed, using a spherical wave as a reference beam. 
[0004]These days, A crystal. To disk form. . The example of the processed hologram 
recording medium is also announced. Tao Shiquan et al. "Multi-track storage of 10,000 
holograms in a disk-type photorefractive crystal," SPIE Vol.3864, pp.270 (1999). 
[0005]There is the method (below, it is called angle multiplex recording.) of carrying out 
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multiplex recording of the hologram as a method of recording a hologram on the 
conventional hologram recording medium by change of the incidence angle over the 
hologram recording medium of a reference beam and/or object light. 
[0006]ln order to perform angle multiplex recording, the incidence angle over the hologram 
recording medium of a reference beam and/or object light must be changed using a beam 
deflector etc. 

[0007]ln order to perform angle multiplex recording to a hologram recording medium, 
methods of changing the incidence angle of a reference beam and/or object light include 
the technique using the beam deflector described below. 

[0008]When a beam deflector is used, as a method of changing the incidence angle over 
the hologram recording medium of a reference beam and/or object light, The technique 
electrically controlled using a technique, an acoustooptic deflector (referred to as AOD 
below.), an electrooptic deflector (referred to as EOD below.), etc. which are mechanically 
controlled using a galvanomirror etc. is used. 

[0009]Here, the decomposition point N [ several ] of these beam deflectors is a (a round 
shape is 1 .22.) about the shape factor of D and an aperture in the width of the aperture of a 
beam deflector. 

A rectangle is 1. Angle amplitude of lambda, a reference beam, and/or object light is set to 
phi, and the wavelength of the reference beam irradiated by the hologram recording 
medium and/or object light is obtained by the following formulas 1 . 



[0010] 
[Equation 1] 

N - £r <* 1 > 

a A 

[001 1]Therefore, it turns out that it has the width D of a big aperture from the above- 
mentioned formula 1 , and the decomposition point N [ several ] increases, so that the angle 
amplitude phi of a reference beam and/or object light is large. Since it becomes more 
nearly constant [ the product of the incidence quantity of the reference beam in each field, 
and/or object light, and an incidence angle ] than Lagrange Helmholtz's relation, even if it 
allocates a beam shaping optical system before and after a beam deflector, this number of 
decomposition points is eternal. 

[0012]Other methods of changing the incidence angle of the reference beam irradiated to a 
hologram recording medium and/or object light include the beam deflection method by 
wedge-shaped prism. In order that only a minute quantity may change the direction of 
movement of a reference beam and/or object light, it is known that a minute angle can be 
adjusted by rotating wedge-shaped prism. Thereby, a reference beam and/or object light 
can be deflected in the arbitrary directions. And since the deflection angle over rotation can 
be made small if the vertical angle of wedge-shaped prism is made small, it is a method 
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effective in adjustment of the minute angle of the direction of movement of a reference 
beam and/or object light. 

[0013]These days, the multiplex recording method of a new hologram is proposed, and as 
the example, Below details. . There is a method called the peri SUTORO Fick multiplex 
recording to describe. (Kevin Curtis et al. "Method for holographic storage using 
peristrophic multiplexing," 19, Opt.Lett.993 (1994), A. Pu et ) al. "High density holographic 
storage in thin film" SPIE Vol.2338, Optical Data Storage (1994), 69. 
[0014]Peri SUTORO Fick multiplex recording is the method of realizing multiplex recording 
of a hologram, by rotating the reference beam 41 in the direction of the arrow R2 along the 
conic surface which makes the peak some hologram recording media 40 made into disk 
form, as shown in drawing 33 . 

[0015]By changing the incidence angle over the hologram recording medium 40 of the 
reference beam 41 in the direction of the arrow R3, the peri SUTORO Fick multiplex 
recording can use together the angle multiplex recording method of a hologram mentioned 
above to a radius vector direction, and can also raise a multiplicity further. 
[0016]ln the case of peri SUTORO Fick multiplex recording, set a bragg angle to dtheta and 
here this d theta, If lambda is made into wavelength and the incidence angle of the 
reference beam 41 to the hologram recording medium 40 and theta_ are used [ t ] as the 

incidence angle of the object light 42 to the hologram recording medium 40 for the 
thickness of the hologram recording medium 40, and theta R , it will be given by the following 

formulas 2. 
[0017] 
[Equation 2] 



do - J— . , / ~r * . „ , c*2) 

\ t sm 



sin 0 R (sin 0 R + sin 0 S ) 



[0018]ln the case of the angle multiplex recording method of the usual hologram, bragg 
angle dtheta sets the refractive index of the hologram recording medium 40 to n, and is 
given by the following formulas 3. 
[0019] 
[Equation 3] 

dd' —7- — s - \ (S3) 

ntsm{0 R +0 S ) 

[0020]Next, there is a method of performing phase conjugation reproduction as a method of 
reproducing a hologram using the conventional hologram recording medium using phase 
conjugation light with a reverse direction of movement with the phase same as regenerated 
light as a reference beam. As a method for producing and cheating out of phase 
conjugation light, in order to perform phase conjugation reproduction, the irradiated 
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reference beam is divided by a beam splitter, and there is the method of making an optical 

path different from the reference beam for recording a hologram. 

[0021] 

[Problem(s) to be Solved by the lnvention]However, when using the conventional hologram 
recording medium mentioned above and recording and/or reproducing a hologram, the 
decomposition points N [ several ] of the technique using AOD and EOD which are beam 
deflectors are 1000 points and about several ten points, respectively. There is a limit in 
increasing a multiplicity with these numbers of decomposition points. And in order to have 
made storage density into the maximum, eliminating a crosstalk noise, there was a problem 
that the deflecting angle of a reference beam and/or object light had to be controlled by 
accuracy about the abundance for 1000 minutes. 

[0022]ln the case of the technique mechanically controlled using the galvanomirror etc. 
which are beam deflectors, there was a problem that the stability to reproducibility and 
resolution accuracy, such as a backlash, or disturbance worsened. 
[0023]When peri SUTORO Fick multiplex recording was carried out, there was a problem 
that the device which deflects a reference beam was complicated and became large-scale. 
[0024]ln the method of performing phase conjugation reproduction, since regenerated light 
was produced and another optical path was made, when an optical system was enlarged 
and also angle multiplex recording of a hologram was performed, there was a problem that 
the beam deflector of a reference beam had to be prepared about each optical path. 
[0025]Then, this invention is proposed in view of the actual condition mentioned above, and 
makes it possible to control more the deflecting angle of the reference beam entered to a 
hologram recording medium, and object light to high degree of accuracy, It aims at raising 
the multiplicity of a hologram to record and raising the storage capacity of a hologram 
recording medium. 
[0026] 

[Means for Solving the Problem]A hologram recording medium applied to this invention in 
order to solve a technical problem mentioned above is a hologram recording medium with 
which an information signal is recorded as topology of light by the ability to irradiate with a 
reference beam and object light, rotating. It has the 1st parallel principal surface and the 
2nd principal surface that has inclination to this 1st principal surface to a rotational plane, At 
least one side has the translucency with which it is irradiated from the 2nd principal surface 
and which can make at least a part of irradiated reference beam and object light penetrate 
among a reference beam and object light. 

[0027]The hologram recording medium concerning this invention constituted as mentioned 
above can deflect a reference beam irradiated by rotating with a hologram recording 
medium, can carry out angle multiplex recording of the information signal as topology of a 
reference beam and object light, and can raise storage density. 
[0028]Hologram recording playback equipment concerning this invention is hologram 
recording playback equipment which performs record and/or reproduction for an information 
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signal as topology of light by irradiating with a reference beam and object light to a 
hologram recording medium. A drive system for rotating a hologram recording medium, 
Have a light source which outputs a reference beam and object light, and the 1st parallel 
principal surface and 1st principal surface are received to a rotational plane. An optical 
system which irradiates with a reference beam and object light to a hologram recording 
medium which has the 2nd principal surface that has inclination and has the translucency 
which can make at least a part of reference beam which at least one side was irradiated 
from the 2nd principal surface among a reference beam and object light, and was 
irradiated, and object light penetrate, It has a control section which performs control of a 
drive system and an optical system. 

[0029]And a hologram recording regeneration method concerning this invention is a 
hologram recording regeneration method which performs record and/or reproduction for an 
information signal as topology of light by irradiating with a reference beam and object light 
to a hologram recording medium. It has the 2nd principal surface that has inclination to the 
1st parallel principal surface and 1st principal surface to a rotational plane, At least one side 
is irradiated from the 2nd principal surface among a reference beam and object light, A 
hologram recording medium which has the translucency which can make at least a part of 
irradiated reference beam and object light penetrate is rotated, and record and/or 
reproduction are performed for an information signal as topology of light to the above- 
mentioned hologram recording medium using a reference beam and object light. 
[0030]ln hologram recording playback equipment and a hologram recording regeneration 
method concerning this invention constituted as mentioned above, to a hologram recording 
medium concerning this invention mentioned above, it irradiates with a reference beam and 
object light, and an information signal can be recorded and/or reproduced as topology of 
light. And when performing angle multiplex recording for an information signal as topology 
of light, accuracy of control of an angle which deflects a reference beam can be raised, and 
storage density can be raised. 
[0031] 

[Embodiment of the InventionJThe hologram recording medium concerning this invention is 
explained in detail using a drawing about the case where it applies to the hologram 
recording medium of approximately disk form. 

[0032]Record and/or reproduction of a hologram are performed in this hologram recording 
medium using the hologram recording playback equipment and the hologram recording 
regeneration method concerning this invention. Below, hologram recording playback 
equipment and a hologram recording regeneration method are also explained collectively. 
[0033]The hologram recording medium concerning this invention is concretely shown as the 
1st example of composition, and 2nd example of composition below. 
[0034]First, as 1st example of composition, as shown in drawing 1 , the hologram recording 
medium 1 is made into the approximately disk form which has the opening 1a in the center 
as a whole, and is constituted by the hologram recording layer 2 and the wedge board 3. 
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The hologram recording medium 1 rotates in the direction of the arrow R1 focusing on the 
axis O at the time of record reproduction. The hologram recording medium 1 is provided 
with the following. 

It is the 1st parallel principal surface to the rotational plane of the hologram recording 
medium 1 . 

The 2nd principal surface that has inclination to this 1st principal surface. 

[0035]The hologram recording layer 2 is allocated in the parallel 1st principal surface side 
by the hologram recording medium 1 to the rotational plane of the hologram recording 
medium 1. The hologram recording layer 2 records the information signal used as a 
recording object as an interference pattern of the reference beam 4 and the object light 5 by 
the ability to irradiate with the reference beam 4 and the object light 5 which are coherent 
laser beams mutually. The topology of the irradiated reference beam 4 and the object light 
5 is included in this interference pattern. 

[0036]Although all the materials that can record a hologram can be used as a material 
which constitutes the hologram recording layer 2, it is preferred to, use organic recording 
materials, such as a photopolymer and a liquid crystal, for example. 
[0037]The wedge board 3 is provided with the following. 

The hologram recording medium 1 carries out a rotational plane pair, and it is the 1st 
parallel principal surface. 

The 2nd principal surface that has inclination to this 1st principal surface. 
It is allocated so that the 1st principal surface may turn into the bottom and may contact the 
hologram recording layer 2. Since the 2nd principal surface inclines to the 1st principal 
surface, it has a function as prism and the wedge board 3 is deflected by making the 
irradiated reference beam 4 penetrate, and making it refracted. 

[0038]What is necessary is just to be able to make the reference beam 4 and the object 
light 5 penetrate as a material which constitutes the wedge board 3. 
[0039]The reference beam 4 and the object light 5 are coherent laser beams mutually, are 
irradiated by the hologram recording medium 1 from the laser light source (not shown) with 
which the hologram recording playback equipment mentioned later is equipped, and record 
a hologram. The object light 5 includes the information signal used as a recording object as 
topology of light. 

[0040]The hologram recording medium 1 constituted as mentioned above rotates in the 
arrow R1 direction centering on the axis of rotation O. In this case, for example, chucking of 
the opening 1a is carried out by a hologram recording device. Since the wedge board 3 has 
a function as prism when the hologram recording medium 1 rotates, the direction of the 
vertical angle as prism of the wedge board 3 will rotate. In order that the incidence angle at 
the time of the reference beam 4 irradiated to the hologram recording medium 1 entering 
into the wedge board 3 may change from a laser light source by this, the reference beam 4 
is deflected within the wedge board 3. 
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[0041]Here, signs that the reference beam 4 mentioned above deviates with rotation of the 
hologram recording medium 1 are shown in drawing 2 thru/or drawing 5 as a sectional 
view. 

[0042]First, the sectional view in the A-A' line in drawing 2 is shown in drawing 3 . The 
reference beam 4 irradiated towards the hologram recording medium 1 enters in the wedge 
board 3 through the optical path of the arrow C. The reference beam 4 which entered in the 
wedge board 3 is deflected by the entrance plane of the wedge board 3, and reaches the 
hologram recording layer 2. 

[0043]On the other hand, the object light 5 irradiated by the hologram recording medium 1 
enters in the wedge board 3 through the optical path of arrow C\ and reaches the hologram 
recording layer 2. 

[0044]Next, the sectional view in the state where fixed the position made to irradiate with 
the reference beam 4 from the sectional view in the B-B' line in drawing 2 , i.e., the sectional 
view of drawing 3 , and the hologram recording medium 1 was rotated 90 degrees in the 
direction of the arrow R1 is shown in drawing 4 . The reference beam 4 irradiated towards 
the hologram recording medium 1 enters in the wedge board 3 through the optical path of 
the arrow D. The reference beam 4 which entered in the wedge board 3 is deflected by the 
entrance plane of the wedge board 3, and reaches the hologram recording layer 2. 
[0045]On the other hand, the object light 5 irradiated by the hologram recording medium 1 
enters in the wedge board 3 through the optical path of arrow D\ and reaches the hologram 
recording layer 2. 

[0046]Next, the sectional view in the state where fixed the position made to irradiate with 
the reference beam 4 from the sectional view in the A-A line in drawing 2 , i.e., the sectional 
view of drawing 3 , and the hologram recording medium 1 was rotated 180 degrees in the 
direction of the arrow R1 is shown in drawing 5 . The reference beam 4 irradiated towards 
the hologram recording medium 1 enters in the wedge board 3 through the optical path of 
the arrow E. The reference beam 4 which entered in the wedge board 3 is deflected by the 
entrance plane of the wedge board 3, and reaches the hologram recording layer 2. 
[0047]On the other hand, the object light 5 irradiated by the hologram recording medium 1 
enters in the wedge board 3 through the optical path of arrow E\ and reaches the hologram 
recording layer 2. 

[0048]Next, in the state where fixed the position made to irradiate with the reference beam 
4 from the sectional view in the A'-A line in drawing 2 , i.e., the sectional view of drawing 3 , 
and the hologram recording medium 1 was rotated 270 degrees in the direction of the arrow 
R1, explanation is omitted for drawing 4 and an abbreviated EQC. 

[0049]As mentioned above, the direction of movement of the reference beam 4 with which 
the hologram recording medium 1 was irradiated because the hologram recording medium 
1 rotates can be deflected by the entrance plane of the wedge board 3. And the following 
information signal is recorded as a hologram in the place which only sufficient angle rotated 
until the Bragg condition of the hologram recorded before was no longer fulfilled. If it is 
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made to irradiate with regenerated light (not shown) to the hologram recording medium 1 at 
the time of reproduction, the recorded object light 5 will be reproduced and an information 
signal will be reproduced as a hologram. 

[0050]As regenerated light, the phase conjugation light which are the reference beam 4 or 
the reference beam 4, and a phase conjugation laser beam can be used. This regenerated 
light is outputted from the laser light source of the hologram recording playback equipment 
mentioned later. 

[0051]Here, the relation between the vertical angle of the prism of the wedge board 3 and 
the angle of a deviation within the hologram recording medium 1 is shown to drawing 6 
thru/or drawing 8 . As what enters vertically to the bottom of the hologram recording medium 
1 , the reference beam 4, As for sinalpha, the vertical angle of the wedge board 3 can be 
expressed like the following formulas 4, if the refractive index of beta and the wedge board 
3 is set to n for the angle of the deflection direction of the reference beam 4 within alpha 
and the wedge board 3, and the normal of the 2nd principal surface of the hologram 
recording medium 1 to make. 
[0052] 
[Equation 4] 

sh cr = n sii 0 (^C4) 

[0053]lf the angle of alpha*, and the reference beam 4 and the normal of the 2nd principal 
surface of the hologram recording medium 1 to make is made into beta' for the vertical 
angle of the wedge board 3 in gamma and gamma side, the angle which measured the 
direction vertical to the direction of a vertical angle of the wedge board 3 counter clockwise 
as 0 times, tanalpha' and sinalpha' can be expressed like the following formulas 5 and the 
formula 6. 
[0054] 
[Equation 5] 

tana' - tan « x sin y (x£5) 

[0055] 
[Equation 6] 

sin a' - n -sin fi' (^6> 

[0056]These are allied and the result calculated about the case of n= 1 .5 is shown in 
drawing 9 as a graph alpha= 5 times. While the hologram recording medium 1 rotates one 
time so that this graph may also show, beta 1 changes in **3.33 degrees. On this condition, if 
angle multiplex recording is performed every 5/1000 degree, it will become the calculation 
which can carry out multiplex recording of the about 2500 hologram in 1 round of the 
hologram recording medium 1. 

[0057]By using as a track the field for 1 round by which multiplex recording was carried out 
in this hologram, the track of the concentric circle shape of spiral or the arrow R3 of the 
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arrow R2 can be followed, and the hologram recording medium 1 can record each 
hologram, as shown in drawing 10 and drawing 1 1 . If such track structure 6 is formed in 
concentric circle shape 400, for example, multiplex recording of the hologram of 1 million 
can be carried out. 

[0058]When not using here the angle deviation technique by a beam deflector etc. which 
are used conventionally, or the wavelength variable technique according wavelength to a 
laser light source or two or more laser light sources etc. in which variable is possible, Since 
an adjacent track is recorded by the same reference beam 4, if an adjacent track is piled up 
and recorded, regenerated light will be irradiated by both tracks at the time of reproduction 
of a hologram. Since this will reproduce two or more holograms simultaneously, each track 
must be separated thoroughly. However, if it records combining the angle deviation 
technique or the wavelength variable technique used conventionally, multiplex recording of 
the hologram can be carried out also to a radius vector direction, and a multiplicity, i.e., 
storage density, can be raised further. 

[0059]Between each track, as shown in drawing 10 and drawing 11 , the groove 7 etc. may 
be formed like an optical disc used from the former for positioning of a laser beam at the 
time of record or playback. 

[0060]As mentioned above, in the 1st example of composition of the hologram medium 1 
concerning this invention. When it has the 1st principal surface and 2nd principal surface as 
the wedge board 3 which the hologram recording medium 1 has mentioned above, and this 
hologram recording medium 1 rotates, A direction of movement of the reference beam 4 
which enters in the wedge board 3 can be deflected, and angle multiplex recording of a 
hologram can be performed to the hologram recording layer 2. An angle which deflects the 
reference beam 4 without making hologram recording playback equipment enlarge is 
controllable with sufficient accuracy. 

[0061 ]The hologram recording medium 1 reproduces a hologram recorded by the ability to 
irradiate with the reference beam 4 or the reference beam 4, and a phase conjugation laser 
beam as regenerated light. 

[0062]About control of an angle which deflects the reference beam 4, accuracy improves 
like a case where a way which used a deviation method by rotation of the hologram 
recording medium 1 rotates prism compared with an angle deflection means which used 
the conventional beam deflector etc. Next, as 2nd example of composition, as shown in 
drawing 12 , the hologram recording medium 1 is made into approximately disk form which 
has the opening 1a in the center as a whole, and is constituted by the wedge board 3. The 
hologram recording medium 1 rotates in the direction of the arrow R1 focusing on the axis 
O at the time of record reproduction. The hologram recording medium 1 is provided with the 
following. 

It is the 1st parallel principal surface to a rotational plane of the hologram recording medium 
1. 

The 2nd principal surface that has inclination to this 1st principal surface. 
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Below, only a point of difference with the 1st example of composition is explained, and 
explanation is omitted about the other point for an abbreviated EQC. 
[0063]The wedge board 3 is provided with the following. 

It has approximately disk form and is the 1st level principal surface to a rotational plane of 
the hologram recording medium 1 . 

The 2nd principal surface that has inclination to this 1st principal surface. 

[0064]The wedge board 3 records an information signal used as a recording object as an 
interference pattern of the reference beam 4 and the object light 5 by the ability to irradiate 
with the reference beam 4 and the object light 5 which are coherent laser beams mutually. 
[0065]The wedge board 3 has a function as prism, can be made to be able to deflect it by 
making the reference beam 4 and the object light 5 which entered in the wedge board 3 
refracted in an entrance plane, and can be made to penetrate. 

[0066]As a material which constitutes the wedge board 3, inorganic recording materials, 
such as a photorefractive crystal which doped an alloy of Fe, Ce, Pr, or Fe and Mn, etc., 
are used, for example. As a photorefractive crystal, LiNbO-, LiTaCL, etc. are preferred, for 

example. 

[0067]The hologram recording medium 1 constituted as mentioned above rotates in the 
arrow R1 direction focusing on the axis O as well as a case where it has the hologram 
recording layer 2 mentioned above. 

[0068]About a deflection direction of the reference beam 4 at the time of the hologram 
recording medium 1 rotating, and the object light 5, since it is the hologram recording layer 
2 and an abbreviated EQC like the 1st example of composition mentioned above, 
explanation is omitted. 

[0069]When it does not have the hologram recording layer 2 as 2nd example of 
composition to recording a hologram on the hologram recording layer 2 when the hologram 
recording medium 1 has the hologram recording layer 2 like the 1st example of 
composition, a hologram is recorded on the wedge board 3. In other words, it can be said 
that the wedge board 3 whole is used as a record section. 

[0070]However, in the hologram recording medium 1, to use material which has the 
characteristic of double reflexes, such as a crystal, it needs to be cautious of a polarization 
direction of a laser beam used for record and/or reproduction, and a direction of a crystal 
axis. That is, as for a laser beam used when recording and/or reproducing a hologram, it is 
desirable to choose a polarization direction and crystal orientation so that inside of the 
hologram recording medium 1 may be spread as peculiar polarization. 
[0071 ]For example, in a lithium-niobate (LiNb0 3 ) crystal which is a photorefractive crystal 

used best, c axis of a crystal is perpendicularly used as the bottom of the wedge board 3, 

and it spreads the reference beam 4 and the object light 5 as an ordinary ray. 

[0072]ln the 2nd example of composition of the hologram recording medium 1 constituted 
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as mentioned above, by having the wedge board 3, the reference beam 4 which entered in 
the wedge board 3 can be deflected, and a hologram can be recorded. And when the 
hologram recording medium 1 rotates, angle multiplex recording can be performed easily, 
without using an optical system for an incidence angle of the reference beam 4 changing 
into the hologram recording medium 1, and changing an incidence angle of the reference 
beam 4. 

[0073]The hologram recording medium 1 reproduces a hologram recorded by the ability to 
irradiate with the reference beam 4 or the reference beam 4, and a phase conjugation laser 
beam as regenerated light. 

[0074]Com pared with the conventional deflection means, a way which used a deviation 
method by rotation of the hologram recording medium 1 can control by rotation of the 
hologram recording medium 1 an angle which deflects the reference beam 4 with sufficient 
accuracy like a case where prism is rotated. 

[0075]lt is good though the hologram recording medium 1 concerning this invention has a 
reflecting layer which reflects the reference beam 4. So, below, a case where it has a 
reflecting layer is explained. In a point which does not have description in particular, it shall 
be the hologram recording medium 1 and an abbreviated EQC which do not have the 
reflecting layer mentioned above, and explains. 

[0076]A reflecting layer is allocated in the parallel 1st principal surface side to a rotational 
plane of the hologram recording medium 1, and has the disk form of an approximate circle 
form. The reflecting layer can reflect the reference beam 4 irradiated from the 2nd principal 
surface that has inclination to the 1st principal surface of the hologram recording medium 1. 
As a reflecting layer, a flat mirror or a cube corner reflector can be used. 
[0077]First, a case where a flat mirror is used as a reflecting layer is explained. As shown in 
drawing 13 and drawing 14 , the flat mirror 10 is allocated by the lower part of the hologram 
recording medium 1 , and reflects the reference beam 4. 

[0078]When recording a hologram to the hologram recording medium 1 which has the flat 
mirror 10, the reference beam 4 is irradiated in the direction shown in the arrow A10 in 
drawing 13 . Next, the reference beam 4 enters into the hologram recording medium 1 , is 
deflected by an entrance plane, and is reflected in the direction shown in the arrow A1 1 by 
the flat mirror 10. 

[0079]When recording a hologram to the hologram recording medium 1 which has the flat 
mirror 10, the object light 5 is irradiated in the direction shown in the arrow A12. 
[0080]The hologram recording medium 1 records as a hologram an interference pattern of 
the reference beam 4 and the object light 5 which entered by an optical path which was 
mentioned above. 

[0081]When reproducing a hologram, the regenerated light 11 is irradiated in the direction 
shown in the arrow A13 in drawing 14 . Next, the regenerated light 1 1 is entered and 
deflected to the hologram recording medium 1 , and is reflected in the direction shown in the 
arrow A14 by the flat mirror 10. The object light 5 reproduced from the hologram recording 
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medium 1 which has irradiated with the regenerated light 1 1 is reproduced in the direction 
shown in the arrow A15. 

[0082]The hologram recording medium 1 may presuppose that it is an incidence direction of 
the object light 5 mentioned above from the direction of a peripheral surface shown in the 
arrow A16, as shown in drawing 15 . In this case, if it irradiates with the regenerated light 1 1 
and a recorded hologram is reproduced, as shown in drawing 16 , the object light 5 will be 
reproduced in the direction shown in the arrow A17. In the reference beam 4, since it is the 
same as that of a case where it is able to irradiate with the object light 5 from a direction 
shown in the arrow A12, explanation is omitted. When irradiating [ which is shown in the 
arrow A16 ] with the object light 5 from a peripheral surface and it has the hologram 
recording layer 2 like the 1st example of composition, a field in which the reference beam 4 
and the object light 5 interfere must be carried out in the hologram recording layer 2. 
[0083]As mentioned above, when the flat mirror 10 is used as a reflecting layer, the object 
light 5 is reproduced in the direction with which the object light 5 was irradiated by 
irradiating with the regenerated light 1 1 which is the reference beam 4 from an optical path 
contrary to the reference beam 4 at the time of recording a hologram. 
[0084]Next, a case where a cube-corner-reflector group is used as a reflecting layer is 
explained. To a rotational plane of the hologram recording medium 1, as shown in drawing 
17 and drawing 18 , record reproduction of a hologram is performed to the parallel 1st 
principal surface side by allocating the cube-corner-reflector group 12. 
[0085]The cube-corner-reflector group 12 arranges the cube comer reflector 13 shown in 
drawing 19 to array form. Three reflectors are prism, mirrors, etc. which become vertical 
mutually and which a position comes to allocate, and the cube corner reflector 13 has the 
shape which cut off a cubical vertical angle. The cube corner reflector 13 carries out total 
internal reflection of the laser beam which entered from the whole surface in three 
reflectors, and is made to emit to an opposite direction from an entrance plane to an 
incidence direction of a laser beam. In this case, a laser beam to emit polarizes 180 
degrees to a laser beam which entered. The image 14 and the image 15 which are shown 
in drawing 19 show that an image which entered is polarizing 180 degrees, like the image 
15, the image 14 which entered repeats total internal reflection 3 times within the cube 
corner reflector 13, and polarize 180 degrees, and are emitted. Since it does not have 
wavelength dependency, the cube corner reflector 13 which an inside comprised by a 
mirror in the air is effective especially when performing wavelength multiplexing record. 
[0086]The cube corner reflector 13 is arranged without a crevice, and the cube-corner- 
reflector group 12 which arranged the cube corner reflector 13 which was mentioned above 
to array form is constituted, as shown in drawing 20 and drawing 21 . 
[0087]When recording a hologram to the hologram recording medium 1 which has the 
cube-corner-reflector group 12, the reference beam 4 is irradiated in the direction shown in 
the arrow A18 in drawing 17 . Next, the reference beam 4 enters into the hologram 
recording medium 1, is deflected by an entrance plane, and is reflected in the direction of 
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the arrow A19 by the cube-corner-reflector group 12. 

[0088]When recording a hologram to the hologram recording medium 1 which has the 
cube-corner-reflector group 12, the object light 5 is irradiated in the direction shown in the 
arrow A20. 

[0089]The hologram recording medium 1 records as a hologram an interference pattern of 
the reference beam 4 and the object light 5 which entered by an optical path which was 
mentioned above. 

[0090]When reproducing a hologram, the regenerated light 1 1 is irradiated in the direction 
shown in the arrow A21 in drawing 18 . Next, it enters into the hologram recording medium 
1, deviates by an entrance plane, and is reflected in the direction of the arrow A22 by the 
cube-corner-reflector group 12. The object light 5 produced from the hologram recording 
medium 1 which has irradiated with the regenerated light 1 1 is reproduced in the direction 
shown in the arrow A23. 

[0091]Suppose that it is an incidence direction of the object light 5 mentioned above from 
the direction of a peripheral surface of the hologram recording medium 1 shown in the 
arrow A24 in drawing 22 . In this case, a direction by which the object light 5 is reproduced 
turns into a direction shown in the arrow A25 in drawing 23 . In the reference beam 4, since 
it is the same as that of a case where it is able to irradiate with the object light 5 from a 
direction shown in the arrow A20, explanation is omitted. When irradiating [ of the hologram 
recording medium 1 shown in the arrow A24 ] with the object light 5 from a peripheral 
surface and it has the hologram recording layer 2 like the 1st example of composition, a 
field in which the reference beam 4 and the object light 5 interfere must be carried out in 
this hologram recording layer 2. 

[0092]As mentioned above, when the cube-corner-reflector group 12 is used as a reflecting 
layer, the object light 5 is reproduced in the direction with which the object light 5 was 
irradiated by irradiating with the regenerated light 1 1 which is phase conjugation light in the 
reference beam 4 from a reverse optical path to the reference beam 4 at the time of 
recording a hologram. 

[0093]By the above flows, the hologram recording medium 1 which has a reflecting layer 
can reproduce the object light 5 which recorded an interference pattern of the reference 
beam 4 and the object light 5 which were irradiated, and was recorded by the ability to 
irradiate with the regenerated light 11, and can reproduce an information signal as a 
hologram. 

[0094]ln this case, phase conjugation reproduction of a hologram can be performed, using 
the reference beam 4 reflected as the regenerated light 1 1 by reflecting layer allocated by 
the hologram recording medium 1 as a phase conjugation light. 
[0095]An optical system for making phase conjugation light to the hologram recording 
playback equipment side by this becomes unnecessary, and since a position of the object 
light 5 reproduced becomes the direction with which the object light 5 was always 
irradiated, enlargement of an equipment configuration can be prevented. 
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[0096]Since the optical path of the reference beam 4 and the regenerated light 1 1 is 
completely the same when the cube-corner-reflector group 12 is used, for the regenerated 
light 11, an optical system cannot be adjusted but ** can also perform phase conjugation 
reproduction of a hologram as it is using the reference beam 4. By this, simplification of an 
equipment configuration is also expectable in hologram recording playback equipment. 
[0097]Although a reflecting layer was allocated in the 1st [ of the hologram recording 
medium 1 ] principal surface side and a case where catoptric light of the reference beam 4 
was used as the regenerated light 1 1 was shown by above-mentioned explanation, it may 
be made to irradiate with the reference beam 4 as the regenerated light 1 1 from an 
opposite hand of the hologram recording medium 1. In this case, although an equipment 
configuration of hologram recording playback equipment is complicated somewhat, optical 
path with the another reference beam 4 at the time of recording a hologram can be made, 
and phase conjugation reproduction can be performed. 

[0098]ln phase conjugation reproduction of a hologram, since a wave front of the reference 
beam 4 at the time of record is restored thoroughly, aberration is amended thoroughly. 
Therefore, as the object light 5 was shown in drawing 15 and drawing 16 , drawing 22 , and 
drawing 23 , even if it is a case where it is made to glare from the direction of a peripheral 
surface of the hologram recording medium 1 , it can obtain a good reproducing output. 
Since the original wave front is thoroughly restored at the time of phase conjugation 
reproduction of a hologram, a peripheral surface of the hologram recording medium 1 can 
be made into arbitrary shape. 

[0099]Here, considering efficiency for light utilization by dispersion, the peripheral surface 
of the hologram recording medium 1 can make high efficiency for light utilization of the 
scattered light by being formed with high profile irregularity, although a principle top may be 
a split face. However, shape may not be limited and may be a surface of discontinuity. 
[0100]The hologram recording medium 1 concerning this invention, Since selectivity at the 
time of a deflection direction of a laser beam changing a lot, and a multiplicity in the case of 
angle multiplex recording of a hologram going up, and reproducing a hologram can be 
improved if an angle of gradient of the wedge board 3 is made steep, storage density can 
be raised. However, if an angle of gradient of the wedge board 3 is enlarged simply, the 
hologram recording medium 1 will become thick and capacity will increase. In order to avoid 
this, as shown in drawing 24 , a field of the hologram recording medium 1 is divided and 
each field is good also as the modification wedge board 16 which has inclination to a 
rotational plane, respectively. 

[0101]Since an angle of gradient of the wedge board 3 in each field can be enlarged if it 
does in this way, a deflecting angle of the reference beam 4 can become large, and a 
multiplicity in angle multiplex recording can be raised. By this, improvement in storage 
density is expectable. A bias of mass to a rotational plane of the hologram recording 
medium 1 can be avoided, and rotational stability will increase. In drawing 24 , although 
illustrated about a case where it has the hologram recording layer 2 like the 1st example of 
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composition, it may be a case where it does not have the hologram recording layer 2 like 
the 2nd example of composition. It can apply, also when it has a reflecting layer, as 
mentioned above. 

[0102]Though the hologram recording medium 1 is not provided with the opening 1a in the 
center, it is good. In this case, since a storage area is securable to a center section, a 
storage capacity can be increased. 

[0103]Next, a hologram is explained about a case where record and/or reproduction are 
performed, to the hologram recording medium 1 mentioned above about hologram 
recording playback equipment and a hologram recording regeneration method concerning 
this invention. Explanation is omitted to a thing equivalent to what was explained in the 
hologram recording medium 1 mentioned above. 

[0104]An example of composition of the hologram recording playback equipment 20 
concerning this invention is shown in drawing 25 . The hologram recording playback 
equipment 20 is constituted by the control section 21, the optical system 22, and the drive 
system 23. 

[0105]The control section 21 controls the hologram recording playback equipment 20 
whole. 

[0106]The optical system 22 is provided with the following. 
As shown in drawing 26 , it is the laser light source 24. 
Spatial modulation machine 25. 
Collimating lens 26. 

The beam splitter 27, the mirrors 28, 29, and 30, Fourier transformer lenses 31 and 32, and 
the detector array 33. 

[0107]The laser light source 24 has a preferred light source which can output continuously 
solid state laser, gas laser, a semiconductor laser, and coherent light by those nonlinear 
wavelength changing. Especially as the laser light source 24, a second harmonic of 
Nd:YAG laser and Nd:YV04 laser, and Ar ion laser, When recording a hologram to the 
hologram recording medium 1 concerning this invention mentioned above, since it is 
possible to receive easily [ sensitivity is high, and / coherence is also excellent and also ] to 
the hologram recording medium 1, it is a suitable laser light source. 
[0108]As the laser light source 24, though semiconductor lasers, such as a GaN system, 
are used, it is good. In this case, in order to narrow a wavelength interval, using DFB 
(Distributed Feed-Back) structure, an external resonator, etc. is also considered. A laser 
beam which the laser light source 24 outputs is used as the reference beam 4, the object 
light 5, and the regenerated light 11. 

[0109]The spatial modulation machine 25 gives an information signal as topology of light to 
an irradiated laser beam, and has a function which generates the object light 5 at the time 
of recording a hologram on the hologram recording medium 1. 
[01 10]A transmission type liquid crystal spatial modulation machine etc. which are 
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commercial liquid crystal panels can be used for this spatial modulation machine 25, using 
a transmission type. However, as the spatial modulation machine 25, it is not limited to the 
above-mentioned transmission type liquid crystal spatial modulation machine, and a 
reflection type spatial modulation machine using micromachine art, etc. can be used. 
[0111]The collimating lens 26 makes a parallel beam a laser beam outputted from the laser 
light source 24, and has a function sent to the beam splitter 27. 

[0112]ln order to halve a laser beam made into a parallel beam and to make one side into 
the reference beam 4 with the collimating lens 26, it reflects in the mirror 28, and the beam 
splitter 27 has a function which penetrates another side and is sent to the mirror 29. 
[0113]lt is made to irradiate with the mirror 28 to the hologram recording medium 1 by 
making into the reference beam 4 a laser beam divided by the beam splitter 27. 
[01 14]The mirror 29 reflects in the mirror 30 a laser beam divided by the beam splitter 27. 
[0115]The mirror 30 reflects in the spatial modulation machine 25 a laser beam reflected by 
the mirror 29. 

[01 16]Fourier transformer lens 31 carries out the Fourier transform of the laser beam which 
penetrated the spatial modulation machine 25, and irradiates with it to the hologram 
recording medium 1. 

[01 17]Fourier transformer lens 32 carries out the Fourier transform of the object light 5 
reproduced from the hologram recording medium 1 , and irradiates with it to the detector 
array 33. 

[01 18]The detector array 33 is constituted by CCD (Charge-Coupled Device), and detects 
the reproduced object light 5 as an electrical signal, for example. Although CCD can obtain 
most easily as the DITITA array 33 now, Since it can create by not a thing limited to 
especially CCD but low power consumption, and low cost, CMOS (Complementary Mental- 
oxide Semiconductor Device) etc. which development is following in recent years may be 
used. 

[01 19]The drive system 23 has a spindle motor (not shown) which makes the hologram 
recording medium 1 rotate. The drive system 23 is not limited to a spindle motor, and a 
stepping motor etc. may be used for it. 

[0120]The hologram recording playback equipment 20 concerning this invention constituted 
as mentioned above records a hologram to the hologram recording medium 1 by operating 
as follows. 

[0121]First, the laser light source 24 has an output of a laser beam adjusted by the control 
section 21, and irradiates with a laser beam to the collimating lens 26. And the collimating 
lens 26 makes a laser beam a parallel beam, and irradiates with it to the beam splitter 27. 
[0122]The beam splitter 27 reflects a part of irradiated laser beam in the mirror 28, and 
makes the remaining laser beams penetrate to the mirror 29. 

[0123]The hologram recording medium 1 is irradiated with the mirror 28 by making into the 
reference beam 4 a laser beam reflected by the beam splitter 27. 

[0124]On the other hand, the mirror 29 turns to the mirror 30 a laser beam penetrated from 
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the beam splitter 27, and reflects, and further, the mirror 30 turns to the spatial modulation 
machine 25 a laser beam reflected by the mirror 29, and reflects it. 

[0125]The spatial modulation machine 25 is controlled by the control section 21, displays a 
recording pattern according to an information signal to record, gives an information signal to 
a laser beam reflected by the mirror 30 as topology of light, makes it the object light 5, and 
is penetrated to Fourier transformer lens 31 . 

[0126]Fourier transformer lens 31 carries out the Fourier transform of the object light 5 to 
which an information signal was given as topology of light with the spatial modulation 
machine 25, and irradiates with it to the hologram recording medium 1. 
[0127]The hologram recording playback equipment 20 records an interference pattern of 
the reference beam 4 and the object light 5 on the hologram recording medium 1 as a 
hologram by the above operations. If record of a hologram of one sheet is completed, the 
drive system 23 will be controlled by a driving signal from the control section 21, the 
hologram recording medium 1 will be rotated, for example in the direction of the arrow R1, 
and the following hologram will be recorded. 

[0128]Next, the hologram recording playback equipment 20 reproduces a hologram by the 
following operations from the hologram recording medium 1 which had a hologram 
recorded. At the time of reproduction, the hologram recording medium 1 is put on the same 
position as the time of record, and the reference beam 4 is used as the regenerated light 
11. 

[0129]First, the laser light source 24 has an output of a laser beam adjusted by the control 
section 21, and irradiates with a laser beam to the collimating lens 26. And the collimating 
lens 26 makes a laser beam a parallel beam, and irradiates with it to the beam splitter 27. 
[0130]The beam splitter 27 reflects in the mirror 28 a part of laser beam irradiated from the 
collimating lens 26, and makes the remaining laser beams penetrate to the mirror 29. 
[0131]The mirror 28 reflects further a laser beam reflected by the beam splitter 27, and 
irradiates the hologram recording medium 1 with it as the regenerated light 11. 
[0132]On the other hand, a shutter (not shown) interrupts an optical path of a laser beam 
which penetrated the beam splitter 27. 

[0133]Thus, to the hologram recording medium 1, as the regenerated light 11, only the 
reference beam 4 used at the time of record is irradiated, turns to Fourier transformer lens 
33 the object light 5 currently recorded, and is reproduced. 

[0134]Fourier transformer lens 32 carries out the Fourier transform of the object light 5 
reproduced with the hologram recording medium 1, and carries out image formation of the 
pattern corresponding to an information signal on the detector array 33. And the detector 
array 33 can obtain a pattern corresponding to an information signal which carried out 
image formation as a reproduced information signal. If reproduction of a hologram of one 
sheet is completed, the drive system 23 will be controlled by a driving signal from the 
control section 21, the hologram recording medium 1 will be rotated, for example in the 
direction of the arrow R1, and the following hologram will be reproduced. 
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[0135]The hologram recording playback equipment 20 reproduces a hologram by the above 
operations. 

[0136]ln the hologram recording playback equipment 20, since an optical path of the 
regenerated light 4 which penetrates the hologram recording medium 1, and the object light 
5 will change with rotation of the hologram recording medium 1, A position of the detector 
array 33 is adjusted with control of the control section 21 to compensate for rotation of the 
hologram recording medium 1. In this case, for example, a position of the detector array 33 
is adjusted using an actuator (not shown) etc. 

[0137]**** showed an example as a transmission type Fourier hologram. When recording 
the Fourier hologram, The spatial modulation machine 25, Fourier transformer lens 31 and 
Fourier transformer lens 31, the hologram recording medium 1 and the hologram recording 
medium 1, Fourier transformer lens 32 and Fourier transformer lens 32, and the detector 
array 33 all Fourier transformer lens 31, It has composition of an optical system called "4F 
System" arranged at an interval which left only the focal distance F of 32. However, it is 
preferred to shift the hologram recording medium 1 slightly from the exact Fourier side in 
the hologram recording medium 1 . This is for fully securing a field which takes a large field 
which irradiates with the object light 5 to the hologram recording medium 1 , and records a 
hologram. 

[0138]Naturally it is also possible to combine various techniques generally used with the 
hologram recording playback equipment 20 and a hologram recording regeneration method 
concerning this invention. For example, it is also easily possible to have a reflection part in 
which the hologram recording playback equipment 20 is made to reflect the reference beam 
4, and to consider it as a reflection type hologram. 

[0139]Then, when reproducing a hologram, a case where the hologram recording playback 
equipment 20 has a reflection part is explained. 

[0140]First, a case where the cube-corner-reflector group 35 which arranged the cube 
corner reflector 34 or the cube corner reflector 34 to array form is used as a reflection part 
as shown in drawing 27 is explained. The cube corner reflector 34 or the cube-corner- 
reflector group 35 can be correctly reflected in the direction which has irradiated with a 
laser beam irradiated by the cube corner reflector 34 or the cube-corner-reflector group 35. 
[0141]What is necessary is to reflect the reference beam 4 which is the plane wave which 
penetrated the hologram recording medium 1 using the cube corner reflector 34, and just to 
consider it as phase conjugation light, in order to perform phase conjugation reproduction 
using the cube corner reflector 34. However, a position of the reference beam 4 shifts in an 
optical path of going and return. What is necessary is just to make it the reference beam 4 
always enter into the approximately abbreviated center of the cube corner reflector 34, in 
order to avoid this. 

[0142]When performing phase conjugation reproduction using the cube-corner-reflector 
group 35, Since a laser beam into which the laser beam 36 which entered into the six cube 
corner reflectors 34 located in a center section enters the same optical path as it from a 
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reverse side even if an optical path of each entering laser beam changes with reflection 
exists, light flux which advances to an opposite direction on the same wave front after all is 
acquired. In order that an optical path may shift to reflex time the laser beam 35 which 
enters into the cube corner reflector 34 of a peripheral part, a portion which cannot 
contribute to phase conjugation reproduction is also produced, but catoptric light sufficient 
as a whole is obtained. Therefore, sufficient phase conjugation light can be obtained. Since 
a record method of a hologram is a record method with high redundancy spatially 
distributed over a record section of the hologram recording medium 1, it can fully reproduce 
a hologram using phase conjugation light mentioned above. 

[01 43] Accuracy of an angle of reflection of the cube corner reflector 34 becomes a problem 
practically. When it is going to carry out multiplex recording of the hologram by 
arrangement that lithium niobate which doped iron which is a typical recording material is 
processed in the shape of a cube, and the object light 5 and the reference beam 4 intersect 
perpendicularly from an adjacent field, multiplex recording of the hologram is carried out 
with an angle interval of about 5/1000 degree. For example, angle-of-reflection accuracy of 
the cube-corner-reflector group 35 by an Edmond scientific company is about 60/1000 
degree. In such a case, once it narrows a beam diameter with a parallel beam, using a 
beam expander conversely, magnification part accuracy can be raised by making it enter 
into the cube-corner-reflector group 35. For example, if a beam diameter of incident light to 
the cube-corner-reflector group 35 is set to 1/12, an angle error of a beam of light which 
went and came back to a beam expander (not shown) after reflection by the cube-corner- 
reflector group 35, and returned to the hologram recording medium 1 will be 5/1000 degree. 

[0144]lf such a cube-corner-reflector group 35 is used, even when performing record and/or 
reproduction of a hologram, rotating the hologram recording medium 1 mentioned above, 
phase conjugation reproduction can be performed easily. 

[0145]About the hologram recording playback equipment 20 which was mentioned above 
and which has the cube-corner-reflector group 35 as a reflection part, the important section 
is shown in drawing 28 thru/or drawing 30 , and is explained. 

[0146]First, a sectional view in an A-A' line of the hologram recording medium 1 in drawing 
2js shown in drawing 28 . The reference beam 4 irradiated towards the hologram recording 
medium 1 enters in the wedge board 3 through an optical path of the arrow G. The 
reference beam 4 which entered into the wedge board 3 can change a direction of 
movement by an entrance plane, and reaches the hologram recording layer 2. 
[0147]The object light 5 irradiated by the hologram recording medium 1 on the other hand 
enters in the wedge board 3 through an optical path of arrow G\ and reaches the hologram 
recording layer 2. 

[0148JA hologram is recorded by the reference beam 4 and the object light 5 which entered 
from the above optical paths. 

[0149]When reproducing a hologram, the reference beam 4 is used as it is as the 
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regenerated light 11. The reference beam 4 enters in the wedge board 3 through an optical 
path of the arrow G. The reference beam 4 which entered into the wedge board 3 can 
change a direction of movement by an entrance plane, reaches the hologram recording 
layer 2, and penetrates the hologram recording layer 2. And it is reflected by the cube- 
corner-reflector group 35, and the reference beam 4 goes back an optical path of the arrow 

G, and reaches the hologram recording layer 2 again. 

[0150]Phase conjugation reproduction is performed by making the reference beam 4 into 
phase conjugation light as mentioned above. 

[0151]Next, the hologram recording medium 1 shows drawing 29 a sectional view in the 
state where it was made to rotate 90 degrees in the direction of the arrow R1 , from a 
sectional view in a B-B' line of the hologram recording medium 1 in drawing 2 , i.e., a 
sectional view shown in drawing 28 . The reference beam 4 irradiated towards the hologram 
recording medium 1 enters in the wedge board 3 through an optical path of the arrow H. 
The reference beam 4 which entered into the wedge board 3 can change a direction of 
movement by an entrance plane, and reaches the hologram recording layer 2. 
[0152]The object light 5 irradiated by the hologram recording medium 1 on the other hand 
enters in the wedge board 3 through an optical path of arrow H\ and reaches the hologram 
recording layer 2. 

[0153]A hologram is recorded by the reference beam 4 and the object light 5 which entered 
from the above optical paths. 

[0154]When reproducing a hologram, the reference beam 4 is used as it is as the 
regenerated light 1 1 . The reference beam 4 enters in the wedge board 3 through an optical 
path of the arrow H. The reference beam 4 which entered into the wedge board 3 can 
change a direction of movement by an entrance plane, reaches the hologram recording 
layer 2, and penetrates the hologram recording layer 2. And it is reflected by the cube- 
corner-reflector group 35, and the reference beam 4 goes back an optical path of the arrow 

H, and reaches the hologram recording layer 2 again. 

[0155]Phase conjugation reproduction is performed by making the reference beam 4 into 
phase conjugation light as mentioned above. 

[0156]Next, an A'A sectional view of the hologram recording medium 1 in drawing 2 , i.e., a 
sectional view in the state where the hologram recording medium 1 made it rotate 180 
degrees in the direction of the arrow R1 from a sectional view shown in drawing 28 , is 
shown in drawing 30 . The reference beam 4 irradiated towards the hologram recording 
medium 1 enters in the wedge board 3 through an optical path of the arrow I. The reference 
beam 4 which entered into the wedge board 3 can change a direction of movement by an 
entrance plane, and reaches the hologram recording layer 2. 

[0157]The object light 5 irradiated by the hologram recording medium 1 on the other hand 
enters in the wedge board 3 through an optical path of arrow l\ and reaches the hologram 
recording layer 2. 

[0158]A hologram is recorded by the reference beam 4 and the object light 5 which entered 
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from the above optical paths. 

[0159]When reproducing a hologram, the reference beam 4 is used as it is as the 
regenerated light 1 1 . The reference beam 4 enters in the wedge board 3 through an optical 
path of the arrow I. The reference beam 4 which entered into the wedge board 3 can 
change a direction of movement by an entrance plane, reaches the hologram recording 
layer 2, and penetrates the hologram recording layer 2. And it is reflected by the cube- 
corner-reflector group 35, and the reference beam 4 goes back an optical path of the arrow 
I, and reaches the hologram recording layer 2 again. 

[0160]Phase conjugation reproduction is performed by making the reference beam 4 into 
phase conjugation light as mentioned above. 

[0161]Next, the hologram recording medium 1 omits explanation from an A* A sectional view 
in drawing 2 , i.e., a sectional view shown in drawing 28 , in the state where it was made to 
rotate 270 degrees, for drawing 29 and an abbreviated EQC in the direction of the arrow 
R1. 

[0162]As mentioned above, the hologram recording playback equipment 20 which has the 
cube-corner-reflector group 35 can change a direction of movement of the reference beam 
4 with which the hologram recording medium 1 is irradiated, and the object light 5 with the 
wedge board 3 by rotating the hologram recording medium 1. And the following information 
signal is recorded as topology of light in a place which only sufficient angle rotated until a 
Bragg condition of a hologram recorded before was no longer fulfilled. If it irradiates with 
the reference beam 4 as the regenerated light 1 1 to the hologram recording medium 1 at 
the time of reproduction, the object light 5 recorded to the optical storage medium 1 will be 
reproduced, image formation of the pattern corresponding to an information signal will be 
carried out to the detector array 33, and the hologram recording playback equipment 20 will 
acquire a reproduced information signal. 

[0163]As mentioned above, in the hologram recording playback equipment 20 and a 
hologram recording regeneration method concerning this invention, a reproduction direction 
of the object light 5 reproduced from the hologram recording medium 1 is fixable by using 
the cube-corner-reflector group 35 as a reflection part. For this reason, an actuator in 
hologram recording playback equipment becomes unnecessary, an equipment 
configuration can be simplified and reproduction of a more practical hologram is attained. 
[0164]An example of composition of the hologram recording playback equipment 20 is 
shown in drawing 31 about a case where the hologram recording playback equipment 20 
has the cube-corner-reflector group 35 as a reflection part. By using cube-corner-reflector 
group 35, it is reflected by the cube-corner-reflector group 35 by the same optical path as a 
time of the reference beam 4 entering to the hologram recording medium 1, and it is 
possible to carry out phase conjugation reproduction simply. 

[0165]lt is good, though the hologram recording playback equipment 20 has the flat mirror 
38 as a reflection part as shown in drawing 32 . In this case, although phase conjugation 
reproduction of a hologram can be performed, in order to have to change the degree of 
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incidence angle of the reference beam 4 to the hologram recording medium 1 according to 
a slope direction of the wedge board 3, the deviation techniques, such as a beam deflector, 
are needed. 

[0166]Since a direction of movement of the reference beam 4 penetrated with the wedge 
board 3 and the object light 5 will change if a transmission type hologram is reproduced as 
mentioned above, a position of the detector array 33 must be moved. However, if phase 
conjugation reproduction using the cube-corner-reflector group 12 as shown in drawing 28 
is performed, the regenerated light 1 1 can use the same reference beam 4 as the time of 
record, and can reproduce the object light 5 by non-aberration correctly in the same 
direction as the object light 5 which entered to the hologram recording medium 1. 
[0167]the hologram recording medium 1 applied to this invention without using the deviation 
techniques, such as a beam deflector, for the hologram recording playback equipment 20 
and a hologram recording regeneration method which start this invention as mentioned 
above - a hologram - multiplex recording - and /reproduction of can be done. When 
reproducing a hologram, phase conjugation reproduction of a hologram can be performed 
using the cube-corner-reflector group 12. In this case, not using the angle deviation 
techniques, such as a beam deflector, ** can also carry out angle multiplex recording 
and /reproduction only by adding the cube-corner-reflector group 12, and it can not only 
become space-saving, but an equipment configuration of the hologram recording playback 
equipment 20 is easy, and it can remove aberration of an optical system. 
[0168]Although it is required in the hologram recording playback equipment 20 and a 
hologram recording regeneration method concerning this invention to use a parallel beam 
as a laser beam, since diffraction produces light which spreads space, a wave front of a 
laser beam is not a plane wave strictly in many cases. Intensity of a laser beam is a 
Gaussian beam which usually takes Gaussian distribution in many cases. This Gaussian 
beam has curvature with a very small wave front in a position of a beam waist before and 
behind [ of what is a plane wave ] that. Therefore, phase mismatching arises at the time of 
reproduction of a hologram, and diffraction efficiency falls. What is necessary is just to 
install the cube corner reflector 34 or the cube-corner-reflector group 35 in a position of a 
beam waist of the reference beam 4 which is a plane wave, in order to reduce this 
influence. Since a wave front is amended by symmetry before and behind reflection by the 
cube corner reflector 34 or the cube-corner-reflector group 35 at this time, influence of 
diffraction mentioned above can also be suppressed to the minimum. 
[0169]Thus, decline in diffraction efficiency by phase mismatching is avoidable by allocating 
cube-corner-reflector 34 or cube-corner-reflector 35 group in a beam waist position of a 
reference beam. Although this is the thing same as theoretically as general thing angle 
multiplex recording, the feature of a hologram recording regeneration method concerning 
this invention is in a place which substitutes for the technique of deflecting a laser beam in 
angle multiplex recording by rotation of a wedge-shaped substrate. 
[0170]The hologram recording playback equipment 20 and a hologram recording 
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regeneration method concerning this invention, A plane wave can be applied to a multiplex 
recording method of arbitrary holograms made into the reference beam 4, and a multiplex 
recording method of a hologram by wavelength multiplexing record, peri SUTORO Fick 
multiplex recording, fractal multiplex recording, or such combination can be applied. For 
example, wavelength multiplexing record is combinable by using a strange laser light 
source with good wavelength, using a laser light source two or more. Adding the beam 
deflection technique of a radius vector direction to an example of composition of the 
hologram recording playback equipment 20 concerning this invention further, and 
performing peri SUTORO Fick multiplex recording of a still higher multiplicity is also 
considered. By being independent, or combining a multiplex recording method of a 
hologram mentioned above, and applying it, a multiplicity at the time of recording a 
hologram can go up, and storage density can be raised. 

[0171]ln shift multiplex recording, although convergence light or sending light is used as a 
reference beam to a plane hologram recording medium, The hologram recording medium 1 
has the 1st parallel principal surface and the 2nd principal surface that has inclination to 
this 1st principal surface to a rotational plane to this, and this case has the feature in a point 
using a parallel beam as the reference beam 4. This resembles peri SUTORO Fick 
multiplex recording which is a kind of angle multiplex recording, and by a method by this 
invention, with rotation, since a recording position shifts, multiplex [ spatial ] has the feature 
of this invention in a point which will be performed simultaneously. 
[0172]Control of an optical axis direction of a focusing position at the time of the angle 
deviation techniques, such as a galvanomirror, AOD, EOD, becoming unnecessary, and 
carrying out shift multiplex recording of a hologram by this, also becomes unnecessary. 
Therefore, an equipment configuration of the hologram recording playback equipment 20 
can be simplified. 

[0173]The hologram recording playback equipment 20 concerning this invention may be 
arrangement of the optical system 22 which irradiates [ of the hologram recording medium 
1 ] with the object light 5 from a peripheral surface. It is also possible to consider it as a 
volume type hologram by this, using a record section of the hologram recording medium 1 
in three dimensions. The 2nd example of composition of the hologram recording medium 1 
is preferred in this case. 

[0174]As a method for producing and cheating out of the reference beam 4 for performing 
phase conjugation reproduction, and a phase conjugation laser beam, though 4 light-wave 
mixing is used, it is good. In this case, it is possible to generate phase conjugation light 
which the entering reference beam 4 reversed correctly. 

[0175]The hologram recording medium 1, the hologram recording playback equipment 20, 
and a hologram recording regeneration method concerning this invention, Optical 
computing, such as a hologram memory, a three-dimensional display, optical 
interconnection, a correlation operation machine, and a novelty filter, etc. are various, and 
can be applied. 
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[0176] 

[Effect of the InventionJThe hologram recording medium concerning this invention by having 
the 1st parallel principal surface and the 2nd principal surface that has inclination to this 1st 
principal surface to a rotational plane, The incidence angle over the hologram recording 
medium of a reference beam and/or object light can be changed by rotating a hologram 
recording medium, and multiplex recording of the hologram can be carried out. 
[0177]Since the degree of incidence angle of a reference beam can be changed only by 
rotating a hologram recording medium, the equipment configuration of hologram recording 
playback equipment can be simplified, and low cost-ization can be attained. 
[0178]When reflecting a reference beam, phase conjugation reproduction can be performed 
with the easy composition which adds only one cube-comer-reflector group which arranged 
the cube corner reflector or the cube corner reflector to array form. 

[0179]Since the aberration generated in the optical system is amended thoroughly by this, it 
is not necessary to use the expensive and large-sized lens with which aberration was 
amended highly, an equipment configuration can be simplified, and a cheaply quality 
reconstruction image is acquired. 

[0180]ln the hologram recording playback equipment and the hologram recording 
regeneration method concerning this invention. By using the hologram recording medium 
concerning this invention, the incidence angle over the hologram recording medium of a 
reference beam and/or object light can be changed by rotating a hologram recording 
medium, and multiplex recording of the hologram can be carried out. 
[0181]Since the degree of incidence angle of a reference beam can be changed only by 
rotating a hologram recording medium, the equipment configuration of hologram recording 
playback equipment can be simplified, and low cost-ization can be attained. 
[0182]The reproduction direction of the object light reproduced from a hologram recording 
medium is fixable by rotation of a hologram recording medium by using a cube-corner- 
reflector group. For this reason, the equipment configuration in hologram recording 
playback equipment can be simplified, and reproduction of a more practical hologram is 
attained. 

[0183]As mentioned above, since the part mark of hologram recording playback equipment 
are reducible by using this invention, a miniaturization, small-area-izing, and low-cost-izing 
are possible. 
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'NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1 l it is an outline perspective view showing the example of 1 composition in case a 
reference beam and object light enter in the hologram recording medium which has a 
hologram recording layer concerning this invention. 

[Drawing 2] lt is an outline perspective view of a hologram recording medium which has a 
hologram recording layer concerning this invention. 

[Drawing 3] lt is the outline vertical cross section showing an optical path in case a 
reference beam and object light enter to the hologram recording medium which has a 
hologram recording layer concerning this invention. 

[Drawing 4] lt is the outline vertical cross section showing an optical path in case a 
reference beam and object light enter to the hologram recording medium which has a 
hologram recording layer concerning this invention. 

[Drawing 5] lt is the outline vertical cross section showing an optical path in case a 
reference beam and object light enter to the hologram recording medium which has a 
hologram recording layer concerning this invention. 

[Drawing 6H t is the outline vertical cross section in case a reference beam enters to the 
wedge board which the hologram recording medium concerning this invention has. 
[Drawing 71 lt is an outline perspective view of the wedge board which the hologram 
recording medium concerning this invention has. 

[Drawing 8] lt is the outline vertical cross section in case a reference beam enters to the 
wedge board which the hologram recording medium concerning this invention has. 
[Drawing 91 lt is a graph which shows change of the deflection angle of the reference beam 
by rotation of the wedge board which the hologram recording medium concerning this 
invention has. 

[Drawing 101 lt is a schematic diagram showing an example of the track structure of the 
hologram recording medium concerning this invention. 

[Drawing 111 lt is a schematic diagram showing an example of the track structure of the 
hologram recording medium concerning this invention. 
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[Drawing 121 lt is an outline perspective view showing an example in case a reference beam 
and object light enter to the hologram recording medium concerning this invention. 
[Drawing 13] lt is an outline perspective view showing an optical path in case a reference 
beam and object light enter to the hologram recording medium which has a reflecting layer 
concerning this invention. 

[Drawing 14] lt is an outline perspective view showing an optical path in case regenerated 
light is entered to the hologram recording medium which has a reflecting layer concerning 
this invention and object light is reproduced. 

[Drawing 15] lt is an outline perspective view showing an optical path in case a reference 
beam and object light enter to the hologram recording medium which has a reflecting layer 
concerning this invention. 

[Drawing 161 It is an outline perspective view showing an optical path in case regenerated 
light is entered to the hologram recording medium which has a reflecting layer concerning 
this invention and object light is reproduced. 

[Drawing 171 lt is an outline perspective view showing an optical path in case a reference 
beam and object light enter to the hologram recording medium which has a cube-corner- 
reflector group concerning this invention. 

[Drawing 18] It is an outline perspective view showing an optical path in case regenerated 
light is entered to the hologram recording medium which has a cube-corner-reflector group 
concerning this invention and object light is reproduced. 

[Drawing 191 lt is a schematic diagram showing signs that the laser beam which entered to 
the cube corner reflector used in this invention reflects. 

[Drawing 201 1t is a schematic diagram of a cube-corner-reflector group used in this 
invention. 

[Drawing 211 lt is a schematic diagram showing signs that the laser beam which entered to 
the cube-corner-reflector group used in this invention reflects. 

[Drawing 221 It is an outline perspective view showing an optical path in case a reference 
beam and object light enter to the hologram recording medium which has a cube-corner- 
reflector group concerning this invention. 

[Drawing 231 lt is an outline perspective view showing an optical path in case regenerated 
light is entered to the hologram recording medium which has a cube-corner-reflector group 
concerning this invention and object light is reproduced. 

[Drawing 241 lt is an outline perspective view showing the modification of the hologram 
recording medium concerning this invention. 

[Drawing 25] It is a block diagram showing the composition of the hologram recording 
playback equipment concerning this invention. 

[Drawing 261 lt is a schematic diagram showing the example of 1 composition of the 
hologram recording playback equipment concerning this invention. 
[Drawing 27] lt is a schematic diagram of the cube-corner-reflector group which the 
hologram recording playback equipment concerning this invention has. 
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[Drawing 28] lt is the outline vertical cross section showing an optical path in case the 
hologram recording playback equipment which has a cube-corner-reflector group 
concerning this invention irradiates with a reference beam and object light to the hologram 
recording medium which has a hologram recording layer. 

[Drawing 29] lt is the outline vertical cross section showing an optical path in case the 
hologram recording playback equipment which has a cube-corner-reflector group 
concerning this invention irradiates with a reference beam and object light to the hologram 
recording medium which has a hologram recording layer. 

[Drawing 30] lt is the outline vertical cross section showing an optical path in case the 
hologram recording playback equipment which has a cube-corner-reflector group 
concerning this invention irradiates with a reference beam and object light to the hologram 
recording medium which has a hologram recording layer. 

[Drawing 31] lt is a schematic diagram showing the example of 1 composition of the 
hologram recording playback equipment which has a cube-corner-reflector group 
concerning this invention. 

[Drawing 32l lt is a schematic diagram showing the example of 1 composition of the 
hologram recording playback equipment which has a mirror concerning this invention. 
[Drawing 331 lt is an outline perspective view showing the case where peri SUTORO Fick 
multiplex recording of a hologram is performed to the conventional hologram recording 
medium. 

[Description of Notations] 

1 A hologram recording medium, 2 hologram recording layers, and 3 A wedge board and 4 
A reference beam and 5 Object light 
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^^[Elfe^-tir. ±E#iTOU/^ft7t£ffl^T±E*o 
^7^E»«E*lc»LT«««#*3fe©ffi«««i: LT 

mmRx?/xim±&ft?zk£ftmk-fz*v?'7J>> 

I l 2 ] _hE* b ^7 AE»JSEfle*-it»ift L 
taStf S-frT(ft|B*49:3t4: LT±E*o^7AE»jK# 

icfig^u, tf««#^7tro{itstf®£ LxnttZft? z 

kzmwik-r zmimi iEt©*D^7aiB4* 

1 3 ] ±E* b AE»«flc*-«3ig L 
|5)-W*S&^^tT$-ti:T{iti*®7t<t LT±E 

^ b ^7 AEftttftfcfiaw fli«flr#s:*©fi[ffiflta 

kLX¥i£.$:?T0ZkZ®®.k-tZtt#T%l IE*©* 

B^7AEiS» 

l»*«14] _LE3-t— *^-7*XI4±E3-^- 
-*a-7*WSr, ±E*o^7AE»«E#Sr-«Si8U 

l 3iEf©*py7AEgff4*S, 
[0 0 0 1 ] 

mw<Dmi-z>&mftm tfma%&ft<o&mm&k l 

If «£ LTE^41-5*B^7 J ME^S4^HS.U t * 
b ^7 Affi^ff ±2fj£ £ lcHi-6. 
[0 0 0 2] 



(3) 

3 

&#ft-t-&6, W4jtSrfiB«$it5 3i:KJ:o-C*o^ 10 
[0 0 0 3] T^^lft©*n^7i!HW^ffll' 
-5c #J*.l4. fcSWSrU SP5671073 "CI4, 

[0 0 0 4] *i£-Ctt» ^^TV^ff^lcin 

iLfc*ci^7AiEftji#roeiit»*sn-cv^-6 dao 

Shiquan et al. 'Multi-track storage of 10,000 holo 20 
grams in a disk-type photorefractive crystal, " SPI 
E Vol.3864, pp. 270(1999)) „ 
[0 0 0 5] '&&<D*v?yJ>mm!&mz.*u?'7A$: 

[o o o 6] mmzmmmzftotcMa*. t-^f7 
?^zm\<^x&mftRif/y.\±®w-it<n-fcuifyi* 

[0 0 0 7] *Oi/7A|E^!iifti:fC^LT^S#Si5^ 

[0 0 0 8] f-Ax7W^^5rffll/>fc^-g-{c s #ffljt 

T^#J(cfcJ®l-f If«#¥ffll6]3§ (WTtli 

AODt^ 0 ) ^ttftjt^OllPlS (tAT-eiiEODi: 
i¥^o ) **:ttfflLT«ftWfc»W-f6¥ft**flfflLT 40 

[0 0 0 9] Z~X\ ZiXbW-Ay^y \/-7 ?<Dftffi 
fiMNlt, if— £.7*7 ?<DT om&D. T 
'*—f->r<DBVi7T9 9%* (R7&J41. 2 2"C*>0, 

mjjmtixhz> 0 ) . #n^7Aies«£fcicj&«$4i 

[0 0 10] 

[in] so 



#M 2002-170247 

a A 

[ooii] fiEo-c. iis^i^b. *#fcr^-7^ 

[0 0 12] 4fc, *o^7^jEfttt#lCJtLTJSW$ 
ix-5#fl85t&O s /XI4^ 7 t<OA^^^$-ar-5fl!l© 

-So 

[0 0 13] Sfc, *cJfiT'l4 N mtzt£*ziyyJ±<Dg,m. 

&mj3iktfmmztixte<o % za-mtLx* utxu 
m&m^z^v * hay j yt&m&Mbmitizjjm 

# 5 <fc<5 (Kevin Curtis et al. "Method for holographi 
c storage using peristrophic multiplexing, * 19, Op 
t. Lett. 993 (1994), A. Pu et al. "High density holog 
raphic storage in thin film," SPIE Vol.2338, Optic 
al Data Storage (1994), 69) „ 
[0014] ^y^ha7^7? #fflEfttt, H 3 3 \Z 

^EflR 2 (Djjftizml&ZltZ Z b iC «t 9 * n #y 
[0 0 15] 7. hn7^y^#IE»ti, # 

f$R3<o#fttci£{t$-8r5- irtcioT, ±xliLfc*n 

[0016] 7 ho7^-^#ifEioi 

y77^ft5rdflHt, w<7)d8l4, A 
ft, t 07*7-6. fS®$ftfo: 4 0©J?^ e„ ^*n^ 
7Affifijai#4 0~-OT#BB.7t4 1 <DAW£L 6s^*d 
yyJ*B&mfc4 0^(D®fc1t4 2<DAttS i:1-tt(4, 
WT<o3;2T-%-xP 3 it5o 
[0 0 17] 

[Ifc2] 



5 

[0 0 18] ft*S, ii#<0*n^9A©fttt#a8E»* 
-7y y?ft& 014, *D^7i»EiI#4 

10 0 19] 
[£fc3] 

[0 0 2 0] t£jfcO*P7*7AfE&$&ft£ffiV>T 

(4, !$tt£ftfc#B8ft&t*-A7 7°!; ^t»«L, * 
[0 0 2 1 ] 

[fPJl^8¥&LJ;?<k1-5S&J!I] L?5>U ±$ Lfct$5fc 
©*a^7 A£ftj£ft 5rffl^t*c^7A Zm&R X*/ 
X\$ft±-tZm-£-\C t-lxT?^? ?X'foZ> AO DR 

Oj&Rt/*l Oj&6«-c*>$. ~ftb0>#fl?,&&T-#l: 

Xtt«*3t©«iRjftSSr l 0 0 0^wMlSro«S-C 

L ft (t ft 14 ft b ft v * t v » o fclBlJaa* o fc„ 
[0022] ifc, t-A77l/^fl)5*W<^ 

7 -7 ft if©SStt^#tB»ffi^SL^»i-5S)g 

[0023] ^MhP7^ y^#*IE*Sri-5»^-lC 

Jcft5£^?Fn 1 ijB#fcofc„ 
[o o 2 4] &*i#ft??£&tT5:fcfeic*s^t\ s^Tt 

jt© t-Af7 u ? ? ^^n^nwTts&jcov^xfflE l 

ft ttft 14 ft b ft ^ t V * o fc RgjBA' ifc o /c 0 

[0025] zzx\ *%wi$. ±.&Liznm&&%-x 
mm£hi>i><nxt><Q y *a-/7j*te,mmmc#LXA 

[0 0 2 6] 

[Rll£*ft1-Sfc«><&#&l ±a&Lfc»H**ft-ra 
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a* ib iwa*jttf****isw $ n s i <k ic i o r . 

ftT*ifcSo Sfc. 0fc¥®lc#LT¥ffftlfUro±ffii: 

- (Dm i w ±s \z.n l t sr^ri- 5 g 2 w i® 1 1 w 

iS *» IB W £ ft . BRIt * ftfc#J8 tMfcft#0>>J> ft < 

[0 0 2 7] ±3fiLfcJ:9^«fifc§ftfc**WJc«** 
10 o^5i»IEftjKfttt, [Elte1-6Ci:lcJ;'9 0B.lf$ny u c# 

[0 0 2 8] Sfc. **Wt-«5*a^9A|E«??45S 
fi!4 s ^n^yAIS^jSftlcWLT^.Ba.TtSO'ifeftTt* 

*o^9A|S»*tftS:ia(ES-B:5fc*<0K||i^ 
t« #fiS)t&0 5 ^ft3t?rai^i-53feagS:^LlElfe5PBtc 
20 #LT¥tfftlfU<0±ffiiS£l<7)±ffitc#L-C4I#£W 
2 <£>±ffi £ £W L#fig3t&t/«jft3t© 5 *>'>ft < 
tt-*l4M2<D±iii*»F>R8*t$ftJH*r*ftfc#]a3t& 

ft**rJ«lt-f****i:. IB»*Xt5jt^5R«)l|iiJ»*tT 

[0 0 2 9] *LT, *HWfC(S**o^7^IEj|kS* 
*fttt» ^n^yAfBit^ftiC*fLT#.Ba.3tSU!^ft)t 

30 mRxf/xitw^&ftoKnyy^m&ftZiJj&X'h 

5„ lElK¥ffi(c^LT¥tTftgl©iStgiro 

Rt^ftftjt© 9 *>^ft < t fc-*fiJB 2 ©±ffi*>e>fiait 
$ft, Bs.#t$nfc#fiP.*so J t)ft3t»'>ft< i t-as^ 

j®ft^0te$-fr, #Ba.7tSU : ^lft7fe^ffl^-C±fE*D7' 
5^85««Eftlc*tLTW#«-S-^3t©tt«tt«i: LTI2 

[0 0 3 0] ±^LfcJ: 9(-+«^$ft5ft%BJl-#>6^ 
40 n^7^ffi«W^3S«&l/*ci^9AffiftS±*ffi-e 
tt» ±i6Lfc**WJC«5*ci^7AKftjKftJC»L 
■C. #JBjtXt/*ft3t-Srfi8ltL-CW«ff#**rofil[ffifflf 

[0 0 3 1 ] 

Sr, B&7 f ^^7^©*D7*7AiE0iift{cjgfflL^ 
50 HSSrfflV^TI¥*BICtft^-r5o 
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[0032] z<n*n?yj**e,m.!&ma*. *3gIElC#, 

•5„ &*5. WTTI4, *n;/7AfegTO^g&tf*n 
[0 0 3 3] ^B^IC^S^D^yAfE^frll, «T 

icfg i <o« ^si/n 2 <Dffif&m t Lx&fcmzTii-r, 

[0 0 3 4] £-f, mi nm&mk LT^n^AfS^ 
&&1I4, EUlC^-f 4ylC, £fct LTf^tcHflggB 
1 a^WI-SBSr-f ^^it^^fcl), *o^7A 
K8l:Jf2i, ^^-y^S«3 i(c4 0M$tl5„ 4 
fc, *n^ 7 AfEiM:i 14, !5fitf94l$lC, *fi0^4> 
<bt LT#Rl4;£EPR \<»1j\P\^mU£tlZ> a *a?7 
AfESWgft 1 14, *ay7J**Z&!&fti<D®m¥-mctt 

[0 0 3 5] ^a^AtE^S 2I4, *o^7A|2^ 
ft He, *D^7A|Eilfti«|elg?Si:jPfLT?ff 
ft^lOiffiMiEtS^axT^-So £fc, *n^7A|E 

nui 2*4, avMcn t-u> h&u— fytx-hzm&ft 

TIE^-TSo ^<W£/-?;?-^c:»4, jfJt£;ixfc#fia.ft 
ARXtmfrft 5 »{4tBtf $8ri^ii;ftT^S„ 
[0 0 3 6] *a{f7J±ftmm2£ffil$.i-Z>ttnt LT 
14, *n^7i*£E&^Sr ,^a5T#3fcb^Sfcf$^£' 
[0 0 3 7] ->^->^Sfe3H, ^ni/^AfS^^l 

K#LTM# 2 »£ffi<k£|rLT^-5o II 

Oiffi^jSffi £ & 9 * n fy AfE&Jl 2 £ 3^-5 £ 9 

^l©±Blc#LT{ft$LT^3tf)T7 0 !;XA<i: LT<D 

£-£S d t \C 4 o Tfiift £-£So 
[0 0 3 8] ^3is/^S1g3^«^c-r-5Wi LTIi, 
#Sa.ft4&uq2>ftft 5 £®§£-t£S ^ t /4*T#*U44 
t\ 

[0 0 3 9] #fiB.}fc4,&tf!$)#7t5l4, S^(C=it-U- 
IE^^t^Stf«{f^-^^itgtf#<t LT^A,TV> 

So 

[0 0 4 0] ±$Lfd4 Oim&Ztltz. *o^7AE 

is&ft i (4, mmmoz'p'bt lt#r{4, £^pr i tj 

fS]IC(Hlfe^nSo rro^tCfflPlfPl a#, #J;tl4, *n 
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A£ LT<^&fg£W-t-£/ctf>lC, ^x r ^Ifi3©/!) 
XAi LT<oiI^W*(6]^lElfe-r-5 3i:(c/ t c5o dixl- 
4 9 , U— f 3t«*»b * o ^7 ASE»j«# 1 (Cxt LTfiB, 
W§4ifc#JS# 4 # -7^ y ^gfc 3 rt^A^-TS^WA 
•tajWftfrfafcfcfc, #fi8.ft4(4, t*yi?miR3to 

T-<i(S]-rSo 

[0 0 4 1 ] *a^9i»IE»ii#l«)[HHE^ 

5K$rffilI]£ LT^-fo 
10 [o 0 4 2] 3=1\ E124 j oa-a' ^lcJo(t-5»rffili] 
«rH3fc*1-. *a?7Aftmm&l ICffltf TfiB.lt £*l 

Alti-So *^^g«3ft(CAltLfc#fiB,3fe4f4, -7 
^ y *?£K 3 (OAltBTdfa LT^n ^ 7 AIEHUf 2 tc 
PJit-rSo 

[0 0 4 3] -7J, *o^5^1EflkiSE#llcilSW$*ifc 

AWL, *o^7A|B»Ji2^aiaii-5. 
[0 0 44] ®2<P<DB-B' ^(CfettS^r® 

20 0, "t^*)ia3©frffl|21/i>P>#SS7t4Srfig|t$-yr-5fi 

9 OftEHE$-frfc*t![8<7)»rBiaS:H4tC*-f. 
AlEftHEflc 1 lCl6jttTJB»$*lfc#flfl3te4 14. ^fnD^) 
TtK^ffl 1 ? ^^y^S1S3rt(cA#t1-5o V^vVW&l 

3 rt (CAW Lfc#fiS7fe 4 »4, -7^ i^SS 3 ©AttffiT' 
dl6] LT* n ?7J±mmm 2 iiPJii-f 5o 

[0045] -77, KvyyAmnmfriimttztitc 

Alt L, *n^7Afa«B2^i(ai-5. 
30 [0 0 4 6] (^{C, ®2 c f 1 WA' -A^(C*Jtt-5»fE 

g?rH^ LT* a J*Wmm 1 ££EPR 1 (0tJ[6]^ 

1 8 OS®te$-£fctfffi©Wffi0«:05fc*i- e 

7 AlBftjKfr 1 lC|fi](tTfiP.lt$ixfc#Sa.7t4 {4, ^EPE 

« 3 FtycAW L/c#fiB7t 4 14, -7^ y i^SS 3 WAltffi 
T<1[6] LT* n A|2^g 2 (CfiJig-f So 
[0 0 4 7] -7J, *ni/7A|E^jftflci {CfiP.lt Ztltz 

40 Alt L, *D^ 7 AEil 2(CSlJili-So 

[0 0 4 8] #;(C. 0 2tf>©A' -A*Hc*5lt4»rffi 

m, i-^^^n 3 <»m&®frb^m% 4 srHBits*stt 

gSr@^LT*n^7A|Efikjgft:i ££cf$R 1 W7J[6]^ 

2 7 0«lElte$*fc«J8lci3^TI4. 124 irB&|5]^<7>& 
{ClftBJ^B&i-So 

[0 0 4 9] J£A±CD4 7tC, *o ^^AffiflkflE* 1 A s Ih] 
r t T, * o / 7 AE»«# 1 lCfiB|t Lfc#fla,7t 

4 ©itff7J(6]?r "7=. 5/ 3 <7)Alt®T<l[6] 3 
t*«Tf 5. ^LT, gilCfE^L/c^n / 7 AW7*7 7 

50 *ix4< *s*-e+»*ft«^»tisi*5Lfc 
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[0 0 5 0] 4*5. fS£ft£L-tli. #J£jfc4XI2#!!R 

^■WU— !f3t«d»e>ffl^j$ft4. 
[0 0 5 1] ^Z'T*. >?i r ^SS3(D^!)XA(7)aft 
t*n^ 7 A|E»«(*:irt-C©aSl6]«)^«OHffS:, 0 
6M18I:/Tt. #fi83t4*r*n^ 7 AlE»Jifrl© 

3 <75]f££ a. 7^-7^£«3rtt , ro#flS3t4(0iSl6]* 
[6] i * a 7*7 AlEH^f* 1 <om 2«iI©i£St«W 
7^2'v 5 S«3W®tff^Srn t-fftli. sin 
aft. £iT^S;4i7)J:9l-S-r- i/JST-#5„ 
[0 0 5 2] 

1*4] 

ski a = « • sm (^4) 

[0 0 5 3] 7^y^Sffi3©lfft#|6],!;fiii:4;fr|£]£ 

O^i LTSB#tflHl9lCSiJofc^g^ v. yirtfOi' 
i'r^iS3«Sftla' . #R83t4i*B^9Affi» 

li . tana'Msina'li, WT^it 5 5$ 6 

[0 0 5 4] 

[its] 

tan a' - tan a x sin / (it 5) 

[0 0 5 5] 

[£St6] 

sha'-nsn/S' (*£6) 

[0 0 5 6] ^ft^^jiStLT. a = 5S. n=l. 5 
rolt-S-Koi^rffg Lfcig*S:EI 9 fC7*7 7 1 LT* 

l^lllHE-fSrat, ±3. 3 3l«Htr 
it-fZo :o*ttt\ 1 0 0 0#<D5gj3#(c3£#a 
ffi»S:fT*.tf. *o^AE»!t*iroifl1?»2 5 0 

[0 0 5 7] CieO#D^7A£#fi!E&£ft;/5:lJII#CD 
m%l&hy-y7 bLT, *o^7^iB»«t*ltt, Hi 
O&tfEil 1 ic^-tJ; 9 [c. =§-*n 7"7i>.££EPR 2© 
HllSEtt t L < li^EPR 3 (OPJ^Rttro h 7 7 7 (C£tt L 

Sr. 0iJx.li. W-6P]ttC4 0 O^ttfttf. 100JO* 
n 7*7 J*&£&Xi#t& ^ i: ^T-# S. 
[0 0 5 8] r^T\ ■J/fH^ftSt'-AT'y'i' 
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ft4lcJ;i9f5ik£ft-t^5<7>T\ F5y^?ri 
ft&fe-£-Ci5iSLTL£9<>:. *n t*7 Aroff£f${cff: 
4**«i«i*roh9y^Jc!i8W$ft-CL*9. ^fttci 

# h 7 y 7 «r*±jc»du*itftri*e>4 

v\ ffiU 86*«tnffl^P>ft*ASfil6l¥iSfe'bU<li«E 
fi^I*#ifeSr»*^fe-arTl5fti-fttf. »rt£:>Tfal-<b* 

$ IwS ft S i -So 

10 [0 0 5 9] 4*3. #h7 7^^JC{i. 01 0&tJ*l2]l 

S^ft^fcftlc. ft*jJ»c>ffi^e>ftT^S3te7*-f 
[p]^{c t*/p-7* 7 4 SrISttT t «t v \ 

[0 0 6 0] £A±<D a 7*7 AJ(t 

ft 1 roll 1 ©«^JT*«. *D^ 7 ASH*10lit 
Sl?iy^«S3 3iS. ±&Lfcfc9Kf|l<Z>±E£:3S2 
©iit^tU r<D*D^9^1E«ISE*ldS|Hl(E$ft 
SZLtlCfc >?. 7^-yv?S^3rt(CAit-r5#BB.7t4 0 
ittf*[6]^<i[6)$-l4-C*n7*7i>.|E^2{C*fLT*n 
20 7*7-k<Dft£#aiE&£fT9 Ztm5. Sfc. *n 
7*7 i»E«??*SS««r*aMl2**-r £#]»* 4 $ 
-£33g£fit« «fc < MfPi"* z. £ 5„ 

[0 0 6 1] *B^5AlE«j!i*ltt. 

$ ft 5 z. 1 1 c <t <o mm £ ft fc * o 7* 7 A £ W £ i" S o 
[0 0 6 2] 4*3. #!8ft4£<Ifa£it53&©$iJ$l|c 

fa^fefcfflv^cJJ?^. 7*yXAS:|El(E$*5»g-i:IPI 
30 ttUc*tg/JS[6]±1-5 0 iW-. f!2<D«/£0iJi Lt*o^ 
9A|E»«ftltt. 01 2tc*r«t ^ftirLT* 

7^-7V?&K3JC«ttJ«fig$ft5o *n 7*7^15 

fittttttltt. lE^S^lc. ttO«:tf^i LTWx.tf^ 
fPR 1 <0^[6]^[H]fe$^€. 0 *n^7A|B^ft:i«, 
*o^7A|E^ft 1 ©®»s¥iiK:*tLTWi* 1 © 
iffii. ^W^l«iffiiClMLTM#^W1-5^2(0± 
Si^WLTV^, 4*3. WTT-Ji. %l<Dmf&mb<n 
1$&M.<D3t-Z®m L. ^ftW^^.iCO^Tfli&Pl^O 
40 ^(C|ftBJ^€B&-t-5o 

[0 0 6 3] jrxyi;iS3tt, B&X^^^^SrW 

KOili. :(Dll(OiIlC^LTlt?rft5l2 

[0 0 6 4] it, 7^7> ? S«3li. 5VMC=fc-U 
y h 4 u-f *t?*>S#!S3t 4 Sl/^ftft 5 SrSgj* Sft 
S^iJcJ: 1 ?. fcft*fr*i:45tt*«#£#!S#4i:fc 

[0 0 6 5] $"b!C, 7^7V^S«3li. 7°yXAiL 
50 TOUffi^^L. 7^7v>S«3fiKAIt$ftfc#i§3t 
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4 JkV®&% 5 & AWffilC&V ^TJSift $■£ 5 ZtizX-o 

[0 0 6 6] l>a:y^a«3S:««i-SW^iL-Cli, 
Witf, Fe, Ce, Pr, XitF e iMn t <OG&*$ 

14. #'Jxl4\ LiNbOj^LiTaO, t?##a-C*> 

[0 0 6 7] ±»LfcJ:5K«rt*nfc*o^9AlE» 
JBttltt. ±2 Lfc* o ^7 ^Efti 2 Sr«fo»^ i P 10 
fltic, HO*r'f'£fi:UT^lRl*lRl^Stei-*. 

[0 0 6 8] *o^5AE»K#l!9JlWEi-*ISI«>#J« 

[0 0 6 9] fc*i v *D^5^aE»Jt#lAS*l<Ofllfifc 
9ABiUl2K*o^9ASrlH»i-*©K#L-C. £2 
•>3iy^S*3lc*n^7^S:fE»i-'5. *V***.ft 20 

[0 0 7 0] fc/cU *o^9A|E»K(*:i (CiS^T, 
^ B B B ^t'a®!)f«1#tt^*-rSW^*ffl^-5«^l4, IS 

^IE^X0 { /Xf4S4-r5l^^ffl^-5^-if7t(4, *n 

(0 0 7 1) Wtll t>bi<fflV^tl57i-H)77 30 
*7V7*teft-C*>$ shifty fvl* (LiNbOa) 
&£k(Dm&l*. &£k<D c tt£ y i^S« 3 ©JtffilcS 

[0 0 7 2] W±<0j;9£»J*3ft5#n^7.*.K»Jt 
& 1 cDfg 2 ©flWtfl-Ctt, y ^ s> 3 ^ix. T V » * 

riiciot, >7i y 3 K. AW $ *ifc#JS3te 4 

[0 0 7 3] *a^7AffiftJifl:n4. ff^fti 

LT#S?,7t 4 XI4#SB* 4 iftttftft/j: u—iFftSrHBit 

[0 0 7 4] #JS*4«rffl|n]3-fr5fcltMt» &3fc 

5ffl|pj*ife*ffl^*:«5*^ 7°y XA£[^]ij££-^^^.5^§£■ 
i ISWRK* D ^7 £>tzmi&fc 1 WlEltelc 4 <9 flf£ J; < fffl 
»i"5-4:* s -e#4. 50 



ttM 2002-170247 
12 

[0 0 7 5] fc*5, *J8WI^S*D^7A|E»J«frl 

[0 0 7 6] RHJItt, *o^9Afa*kKt*l©ISHET 
Oiffilc^ ZG-tZm 2 <0±E4 

[0 0 7 7] *1\ RMmt LT¥B?9-SrfflV^cli 
¥®5 7- 1014. Ell 3&tfH 
1 4IC^-TJ: *o^7Affift«t«:i«>TatEK 

[0 0 7 8] ¥E5 7-1 0Sr|ft5*P^7AE»i 
frl(cMLT*n^7A^fE^i-5^(C, #JSjt4 
(4, 01 3«P<DfcWAl OfC^-r^lPHcHBWStiS. * 

BTMIrfilU ¥B5 7- 1 OlCfcoTfcPPA 1 1 {C^-f 

[0 0 7 9] ¥157-1 0Sr^ftS*o^9Aie»fflt 

(4, fcaiAi 2fc*-*-*i6i»cfiaw$ns. 

[0 0 8 0] *o^ 7 A|E»«tffltt, ±5BLfc.fc5fc 
TfcS&T'Att L fc*!Bft 4 i 5 <D?#'< 

[0 0 8 1 ] *n^5A«rH*i"S»e-K. 1 1 

14, HI 4>P0>&9A1 3£9-r#fi£ffia*£:ri&. & 
Wdfcftl 114. *B^7Affiak«E#HCA«LriH 
[b]L. ^Fffi^ 7- 1 O^ioTAfPA 1 4 (Cif;i-7jfp]^ 

*l*»6IKfe**i**#*5H:, ^fHA 1 5 ic^-TTJfS) 

[0 0 8 2] ifc, ±a!Lfc^l*7t5(75AW7Jf6]Sr*:n 
7*7Af2g!:^fls:i|4, El 1 5 (ftd^-f 4 9 ^PHA 1 

1 6 4MC*-f4 9 (C. 5 jiSfcfllA 1 7 iC^-T^lfi] 

^15±£tlZ>o #ffi7t4iCjo^TI4. ^f(lA12(C*i- 

^S&-T5 0 fc*5» ^fPAl 6(C^1-jlS7J[S]^P)^)^7t 
5 SrHBWi-iR^. m 1 W«^JW4 9 (C^ a 

[0 0 8 3] «±CD4 9I-, SWSt U?I?7-1 
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[0 0 8 4] ^IC. = — LT 

0&¥®»-*t uwii i ff)±mmc s m i 7 &uqg 

l 8 ic^-f 4 5 3-7— 1 2 

[0 0 8 5] a—?— =¥3.-7$ 1 2 14, 019 \Z^-f 
3-t-*a-yi 3^TU-f^lcK?lJLfct(DT-fe 10 

Dt t 4 Sffig KER £ ttT ft 5 7* U X A * 5 7 - 4 f "C 

-t-* = -^13(J, -ffi*>P»A#tSixfcu— IfJtSr 
3 o^RltBT'^RW^-y:, AWffi^ib u— lf*©A» 
*l6Hc*rLTiS»*lRj— WW***. r<75^ic N AWLfc 
LT, WWI"* U-fW 1 8 0gflft£ 
*V3 0 Ell 9tC*i-^l 4&lffltl 514, AWLfcfcjJ* 

1 8 0«ai*LTV^5iitr*L, AJHStifcfftl 
3-t-^fa-^l 3rtfiHt^3IHi^LT8!l 20 
5<D«fc9lCl 8 0Sd5tLTttlW^tl6c £43, 

i(i^©5 9-K:J:>J«i**nfc = — ^- 314 

»4!|#JClW^Jt?*>5o 

[0 0 8 6] ±i$Lfc45ft3 — i— 3ZT 
W^lcE^JLfcs— 7— *a-^J|l 2»4, 02OS 
t/HI 2 HC^-TJ; 5 a-- 7— df-aL-y 1 3$:lftm& 
<E?ULT«j££ft3 0 

[0 0 8 7] 3-^^8121:^5*0^7 
AfE^flsitC^LT^n^^ASrfE^i-S^tc:, # 30 
R83t4J4, II 7^fPAl 8td^-r*|6]lCfiSW$n 

TAWffiT'{l(S] L, n-t-^a-^l 2lc4oT£: 

[0088] a-t-*a-^8l 2*tt5*o^5 
A|B»fltfrHC*rL-C*B^7AS:ffiflk-*-5#-&Jc. % 
*7fc5fi. ^A2 0lC^-r*|fiHCjiW$n5o 

[0 0 8 9] *o^7Affi»jftflKlli, ±jfiLfc.fc5fc 
3tBS-CAWLfc#fiS3t4 bm*&'*9 — >tc 

frafyAt LTia^-tS. 40 

[0 0 9 0] ^a^^i^^S^i-^^-g-fC, #£jfcl 1 
14. 12 1 8fO^A2 UC^f*|6]{CR8W$n-5o ft 

*D^7AfE^«cHCAWLTAWS-C(ir6]L, 
3-7— *;x-7*3¥l 2lC4ot£EPA2 2W^f6l^S 

[0 0 9 1] *fc. ±5EL/c!fel*7t5(DAlt*[6]^, El 

2 2 «p<Dfc6)A 2 4 |C*-f * a ^7Afi»)t# 1 OJlffi 
^rifij^Pji: LTfc«U\ w^W-frii, «*3t5*ss*5 50 
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*i5:»7ft#H|2 3 f^fPA 2 5 \zm-t1sfobtt&. # 
.BS.7t4IC*5^TI4, ^A2 0lC*H-£fi7)>e>^#7t5 

^EP A 2 4 ICTF-t* d ^7 ASftJltt 1 roSiB^lSJJi^ 

7*ffi(SW2*#o»£U:*5V>-CH\ #M4i«M 
5 £;RH£+SiR«&::©#n^7^fe»Jf 21*4: Lft 
lt*tlfft<b&V\, 

[0 0 9 2] £Jl±0>J:5K. SltJit Lta-t-*a 
-7l¥l 2£fflV\fc»&tt\ *ni/7A^fe^-r2,|^W 

#Ba3t4t»LTia©3t»^b, #ss)t4 tuimmt 

1tX'h*>ft±ft \ 1 SrEW-tS^ tlc4oT^7t5^ 

[0 0 9 3] EU:0J:5fcSE;MCJ:0. EttJf£*PT5 
*o^5i.Eftiftltt. JBa*3ftfc#Kl7fc4£ifcft:7t 

[0 0 9 4] ~C0^lc, S43t 1 1 £ LT, *n^A 
£ft«E» 1 KEK 3 tltzmttt M 4 o TRM $ *tfc#IR 
3t4*ffiffi#tt*iLTfflV\ *D^ 7 A©»M 

[0 0 9 5] r4xtc4oT, *D^7^f5^fl:4^S{RiJ 

ft"9, Sfc, f?4$n5*jfl£7t5©fl[«as#lC«J«E7t5 

[0 0 9 6] 3-7— *a-7*8l 2 «rfflv*fc» 

^t*5lr>Ttt» #!§#4£ff£7U 1 fc<D3ti&#£<lRj 

IHJt4*fflV^-t©***o^7A(ZXt|B*ail±4:fi i 

[0 0 9 7] ft*3 % ±aS«5KWett, *ni/7Af5®!^ 

^^S45tl 1 £ LTfiJJSLfc»£&^LfcjJS, 
7^IEft«E* 1 roR*riHA^W47t 1 1 £ LT#fig7t4 

[0 0 9 8] *fc, *D^7AO&ft*ttf|4lC*5^T 
14, IS^B#W#BS 7 t4(Oig[ffi75^±JC : a7C$nacoT% 
!|XMl4^±lcMl$n5„ figoT. t)ftft5(4, Hi 5 

0 2 2&tfH2 3fC^Lfct 
5^K»«lft:i«)ffliii*l6jA»P>iaj***fc*g-CfcoT 

*D^7-&lE*«E(*:iWffliBl4, 
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[0099] zzx% *vy7j*tmi&#i<»fflmt. 

[0 10 0] 4*3, *36WlC«5*n^7A|B»fiE#|£l 
^dft^fr^TCt < mt L*n ^7 i*<7>3g#JIE& 

|c*#<-f*U4\ *n^AESS^ftl7jW<4'9, « 

[0 10 1] ^(7? J: 5 d-ftlli, £*<D&i$.X'<D<7^y 

IB* 4 ©ffl[RlA«36«*# < 4 9 . a«#S!Eftfc*S»t3 

««©|pj±*s»l#t?#5. *n^ 7 AEgtf*#l 

£5£tt;Wg-trtK4-5 0 4*3, H2 4Jd*3^-Cf4, S& 

AEfiUf 2£^c4V^-C;fcoTt>£V\ *7c, ±SE 
[0 10 2] 4*J, *o^7AEWlll fifetcffl 

[0103] *%wiz&z*o ?7 j»%zmw±m 
±znom&\^\,*xmwi-?>, 4*5, HLf:*o^ 

Kf4iftE£^l&1-.5 0 

[0 10 4] **WI-{S5*o^7^|EftS±8«2 0 
©M*l^l2 5i;;Pt. *n^7*K*?*4SB2 0 
14. {&J«a5 2 1 t, *^£2 2i, K»3S2 3£KJ:») 

[0105] f»J(lpg|5 2 1 14, * n ^7 AfE»f?£S6H 2 
0±#<DffilJ$l£tT 9. 

[0106] *^£ 2 2 14, 02 6 Jc^-f 4. 9 U- 
1f*a62 4 £, SIHSttHS 2 5 J: . =^-^1/^X2 
6ir, tr-A7.7°y 2 7 £, ; 7-2 8, 2 9, 3 
0 £, 7-yxfii/yX3 1, 32i, f-ff^- 
7K3 3 t^W-f^o 

[0 10 7] U— !f**24tt. @{fcU~!f, jRfcu- 
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£LV\, if** 2 4 £ LTI4, Nd : YAG 

U-Hf, Nd : YV0 4U— !f©SB-»««, Ar-f:* 

> u-if 14, ±» n ^7 j»mmm# 

1IC^L*o^7A*IES-*-5IBIIC, *d^ 7 A!EII 

trWcA#i"5Z.i:*Sprjig-C*>5fc4{)»a«:u— !f* 

10 [0 1 0 8] 3:7c, U-if*ag2 4 £ LT{4, GaNI 
!fSrffl^5£ LTt «tv\, -<7>i§-g-<4, 
3 fcftJC, DFB (Distributed Feed-B 

S. 47c, u-if*8l2 4©tti^-T6u-if*J4, #J$ 
*4, ^ft*5, ff4*l liLtfflV^tlS. 

[0109] sn^mi»2 5i4, Rat*$tifcu-if*tc 

1 iC/fcn ^7 A SrEftf 5 R^tt* 5 
20 [0 110] r©SW£SIS2 5{C|4, 3gig®£ffll\ 

ttmm^&z. btfx-zz 0 l^l, £m£M#2 5£ 

LT<4, ±E©8iB£*fi£ra£M»l;:Rj£3fta t><7> 

[01 1 1] 3!)^- ? 1^>X2 614, !f*Jg2 4 
*^tti^$n^U— !f*&¥ff*<t U tf-A^7°!J y 

[01 12] f-A^7°y v9 2 7i4, ay^-^i^y 

30 X2 6trj:oT¥ff*£$tifcl^-if*?rZ:^fiJL, - 
#«:#IH*4 7-2 8^RWU ftkfc* 

[0 113] ? 7- 2 8 14, t-A^T 1 !) y ^ 2 7Tt> 
•IStifcU— !f**#S8*4 b Lt*n^7A|Btm: 
l^!iW$-fr5. 

[0 114] 5 7-2 914, t'-A^yy 2 7T*5> 
«**lfcl'-1f**, 5 7-3 0^R»**5. 

[0 115] * 7-3 014, 5 7-2 9t?Slt^fcl' 
— !f*Sr^raggiaS2 5^SW-f5 0 
40 [0 116] 7-^x111^X3 111. £ffl$3l$2 
5 $rgii L/c u— »f*^7- y x.^L, *ny 7 A!E 
^«£llC*fL-CflB|t-r5. 

[0 1 17] y-D ^mWi^>^3 214, *n^7Affi 
1 frbW£.Ztltz.®ft% 5^7-yx^Lf^ 
7^-7M 3 3^fi8W-t-5. 

[0 1 18] 7-fr^-7M 3 3(4, Witf. CC 
D (Charge-Coupled Device) |c£ 9 «^$ttT*5 9 , 
S£3ftfc*»*5&*fcft*£LTfcffi-t-3. 4*3, 
7-f7-(?-7U'f 3 3<h LTt4, CCD^fiftfSi 
50 *(CA#-f ZZbtfX'ZZfiK #lcCCDlcPSS$tv^ 
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t ;i»*bifi¥l$^#ilA/-ev >5 CMO S (Complementary 
Mental-oxide Semiconductor Device) ftif&ffil^T t 

4A\, 

[0 119] Je»3B2 314. *n^7^te^!lfl£l £0 

5„ 443, SMJ)^2 3I4, 7fc'> M^-^ICiPg&^ft 
5 1 ro-c*f44 < . 7 X y f y 7*^-* * if V t> i. 
v\ 

[0 12 0] W±©J:9(c«l«Snfc*3BWIc«5*B io 
7*7AfEfW£3£g2 0f4, KATOi^JCttf^-rS^t 

[0 12 1] if, U~1fft^2 4l4, frj$&2 1(C4 
9 u— ifjtwaaSrWlESfi, u— If** ay >-7u 
>X2 6HR(Jtt~5. -t L"C, 3^-^1/^X26 
(4, U-if **W*IC U C-2x77*y yc? 2 7-R8 

[0 12 2] C-A^T"!) y7 2 7(4, JH*t£*lfcl"- 
1fjt<0-«S:5 7-2 8^SW*-fr» »9<OU— "fJtS: 20 
5 7-2 9^3iiS*5. 

[0 12 3] 5 7-2 8(4, t"-A7 7°y y7 2 7(c£ 
oTSW$ixfcu-1f**#m*4 tLT*py7iE 

[0124] — ?7-2 9(4, tr-A^yy y7 2 

7*^SigLfcU— !f)t*5 7-3 OlCfSjttTK&tU 
$ f>(C5 7-3 0(4, 57-2 9T?Ktt£ftfcU— f% 

[0125] $nQ&vu§2 5i4, fame 2 1 tciw»$n 

5 7-3 0T?S«$HfcU— !f3tCW«flr#Sr3tOffi« 
ffiWRfc LX¥x.V0#yt5 t U 7-yx|iwyX3 1 

[0 12 6] 7-y^^U^X3 1(4, £ffl£*tjg2 

Wf*. 

[0 12 7] *a^7i»IEg!:W££IS2 014, £i±0«t 

Af5!S^ftl£, 0iJx.l4^PPR 107J|p)^|51te$-fr. ft 
<D*D^7A£fE&-f5. 
[0 12 8] fttc, fro?? 2 014, £1 

7AiE»flt*i *»e>. ^D^*7^*ff4i-?.„ 4*3, ff 

±f$|C(4, * By* 7 AfE&&# 1 frggftl$£P] i:{iS(C 
fi#, W±#l 1 £ LT#Kbt4£ffl<,*5 0 
10 12 9] if, U'— !f*SR2 414, $iJ$lgG2 1 \Z.V 50 
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2 6HS«f<5. ^LT, 3y^-?uyX26lt U 
— <f7t£W*i Lt-A^^!) y7 2 7-BBJJ1-S, 
[0 13 0] f-A7.7°y y7 2 714, 
X2 6*»bfi8W$ixfcU— !f 7-2 8-S 

[0 13 1] 5 7—2 8(4, t*-A77°y y 7 2 7T'5 

* d 7*7 AGMKffc 1 

[0 13 2] >-r-y7 (H^-frf. ) (4, t'-A 

7 7°!) y7 2 7SraiiLfcu— tf3t<D3tK*aS. 

[0 13 3] rroi^iat, *B^7AE»«*1IC 
Stt, S*3tl ULt, Eftl$Kffl^fc#J8)te4 0> 

uyX3 3(Cfr(7Tff±-f 5„ 

[0 13 4] 7-yi^yyX3 2tt, *B7*7A|E 
ltt<0*B7*7A0>#£flM*7Lfc 

6, MiPA2 l3S»e>roK»fS^J:9«tt^2 3*IM» 
LT, *b^7A|E»«E*1St, mtf&fllR 1 <Djjfa 
^IhHES-H:, i*:o*D^7A^Stf5 0 

[0 13 5] *B^7^|E»?f4S6fll2 0(4, J£A±<D4 
9 4»ftM£ i9*D^7i £f?£-f 5„ 

[0 13 6] 4*3, *B7*7A!E^f¥£ge2 0T-(4, 

* b 7* 7 AfE^ft: 1 tSia-f 5 ff 4* 4 Rr/feft* 5 
OTfeSS^, *B^9^E«SSE*l©lsHKJcffo-c*{b1- 
5^i(c45roT', *:B7*7A|E^igft:i<DlE]te(C:-&^ 
it, 7^7^^-7W 3 3<7>&g£fffl®?B2 lOfisflft) 
(C4oTHS1-5„ ^Jx.(4, 77?-^-* 

g*PS-f5o 
[0 13 7] 4*3, ±a-ei4aiBfH©7-y 3:*o^7 
At LTW0iJ^^L/c o 7-y=*B^9^SrlE»-*-* 
ISICI4, ^1fK2 5i7-yifiuyX3 1, 7 
-!)^^gl^>X3 1 t*D^7AEIIfl, ^bt* 
9^3E»8SE*1 t7-yi§C*i^^X3 2, 7-yxf 
il^yX3 2^7^x7^-71/^3 3^V>"fnt7- 

y uvx3i, 32 roji^em f tumtitcmm 

T'ffig$n/c'4 F ->7xA'tl^|4tl57t^W«R)c<!; 
•f5.„ L/(>>U *B7*7At2^^1^(Ct3^T, *b 
7" 7 AflSfttttt 1 *iE564 7 - y i ffi^ «b tof MCf P, 
nt^ffiU^. -H(4, *B^*5A|EftjK»l^*t 

felEflkf 5 *+^(C5ft «f 5 fc * T'fc 5 o 

[0138] 4fc, -mbkzm^bnzm* t&mz* 

%WlC&Z*aifyJ»*Z&j$±$iS.2 0&OC^D7'7A 
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*i4, ^a^yM.umn±mm2 oic#j!8)fc4«:R«£ 

10 1 3 9] iZX\ Jf^o^7ixSrff4-t-5KlC. *n 

[0 14 0] *1\ KM&i L"C, H2 7lc*1\fc5 
|C, 3-t-*a-/3 4Xli3-t-*a-y 3 4 S: 

^•{CoV^T!ft^i--5o =1—7—^^.-^3 4X143-7" 10 
3 514, a—*— 4Xf4=«-^- 
3 5 (CRM* $ tv/c u— f % £H8« $ *tfc# 

[0 14 1] 3— 7— *i-:/3 4&ffll^TfltfB#ftf5 
££tT7iCf4, *n7*7A*2fi^#l £igi&Lfc¥ffi« 
T?*>S#«l#4«:3 — 7— *^-^3 4£ffl^TKtt$ 
-£T, ffiffi*ft*ii-ixtfJ:v^ (tU ft* 
S§-Cf4, #Ba,7t4(7)iig^-fti^o wixSrfcttSUitt. 
*J8# 4 3 — * a -7* 3 4 COB&B&t -L^c AW 
•TSJ: olz-tti[i£\,\ 20 

[0 14 2] 3-^- *3.-7*»3 5*ffll^-C{StfB#» 

3 4 (CAtt Lfc 3 6 fjimwAM 

ft, ^[si-<z)jSffi-e^[S]iriitTi--57t^^f J ^ 

■5. ^ffl»©3-+-* a L-y3 4^AJti-*U 

-If* 3 514, RWB#|C7tSS^->7 h-fSfcfttC, feffi 

5rtm5„ Sfc, *o^7^0|S^feJ4, *n 

# * n 7* y A 5- ff £-T 6 r t ^ # -5 „ 
[0 14 3] ft*5, UliHHCftSOIi. 3— 7— df 
=.-7*3 4WSitfl«>fl|«-Cife5. ft®Wfcffi»$*-C*> 
6»£ K-7°Lfc-5f7'K!J7 f --7A^5A^^(cADX 

«t9^gBg-C, *o^7AS:^fiia»U«t5i:-fi»^ 
tcfi % l o 0 0 5 HSItw^ft WHt* o ^7 4 40 
#filE^t-T5o CTx.fi, 3i h'^y Wiyf^ 7^ y 

7tt»0>a— *»-7*8 3 5<DE#Att£M:l 0 0 
0 5>©6 0SSST-fc5 0 -<D4 9ft4§#tcl4, -gt' 
-i^**/^7*£igic/?H^T¥nft©££t*-A*g£ 
&£>Tri>ib, 3-t— =3f3.-7*i¥3 5lcAW$-ti:5-i 
■CffiF*»»«Sr±lf5wi:A*-C#5. 0Uli, 3— f- 
*3.-7"t¥3 5^<7)Att7¥;<£>fc'-Ag£ l 2#<£> 1 (-1" 
*v»4, 3-^-- ^f 3 .-7*l¥3 5T-S*tmtCt*-A3i*^ 

\z.m-otzit%k(ofim&m±\ o o o^cos^ic^s,, 50 
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[0 144] Z(DX 9&3— -t- ^-i— y?|3 5£fflV^ 

[0 14 5] ±i£Lfc, KWSSt LTa- 1- 
813 5 5rft5*n^7AE®Stil2 OScot^T, 
■?:<Dgg|5£ia 2 8 3 0 iCTjk URWi"*. 

[0 14 6] *i\ 02f'C*5»t5#n^7A!EftJitt 
1 <DA — A' ^l-io(t5»fffiia^EI2 8lC^i- 0 □ 7* 
7A|S^^ltC[^ltT!ilt$n^#!S7t4l4, tcRIG 
©3tJSS:iiiJi7^7^a<E3rt^Ai*-t-S. !>x y j?i 
«3(CAWLfc#BB7t4l4, AttKtC.fc'Pilff^fo^ 
X ibftt* a 7*7 AfE&Jf 2 lc£Jig-f 5„ 

[0 14 7] -#*n^?Affi»j£{MfcH8«£*lfc4& 
J4, &PPG' ©3tKSriiO>>3iyS?XS3rtlCA 
«U *D7*7^IE^®2lciiJig-r5o 

[0 14 8] £Jl±©J:5/j:3t'»d»e>A»Lfc#Jiaj64X 
U*^lft:7t5lCj;oT, *n 7*7 AfcEflki-*. 

[0 14 9] *D7*7A^S^-f5lSJi:ii, H£3tl 1 
iL-C*JB3t4$:*©4*ffllr>S 0 #88^414, ^PPG 

«3{CAWLfc#,Ba,7t4l4, AWSI-«tf3itfT*|S]^ 
^ibtxT*n7*7AiE^ii2(cSlJjtL, *B7*7A|e» 
S2£3gii-f5 0 ^LT, *HBft4M:. 3-7^-^0.- 
7*S¥3 5{c4oT5lt$txT, ^aiG<03t»SriS»firL, 
SU** o 7" 7 AfiEifeg 2 dSJitl-So 
[0 15 0] £Jl±©J;5»-#IB*4t«£W*«3ti:LT 

[0 15 1] &tc, H2^(c4olt5*3 7*7AE^^ 

*fffiH*»e>*o^7AfEjiai*ias^PPR l<D^fS]^9 
0fi@*i$*fc.ttllB©WfaiH*B2 9 ^p7"7 
AE»«Efl:i|ciR|»tTjai*$jxfc#!!Bjt4li. ^H© 
JtKSriiO 73i7i*S<S3rt{cA*t-*-5. 7^7^S« 
3[CAWLfc#.Bi7t4(4, AWffi(C4i9iiff7J[S]^^^ 

[0152] -**D7*7^a5»ii#i f^ffiit^ixfcft 
WU *D^*7AiEiiJi2(c5ijiil-5 0 

[0 15 3] EA±©J:9ftjfcBA*bAltLfc#J83fc4,ft 
0*^7t5tCj;oT, ^n7*7^^IE^-ra o 

[0 15 4] *n7"7A?rff41-5^(C(4, H4jt 1 1 
iLT#!B3t4Sr-t©**ffli^ 0 #ra.7t4(4, ^PPH 

«3lcAWL/c#Ba,7t4l4, AWSlCct^iSff^ffe)^^ 
X.ib4xT*D7'7A|e«!:l2}Cil)jgL, *D7*7AfE® 
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